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This paper studies the implication, in terms of welfare and monetary policy, of unequal
degrees of competition across members of a currency area. We look at two ways in which the
degree of competition in the market for goods can affect welfare in a currency area. One is
through different average degrees of competition in the monetary union; the other is through
different degrees of competition across its members. We find two interesting results. First, if
prices are sticky, more competition tends to be detrimental to welfare. Second, welfare
increases in proportion to the asymmetry of the union. These results imply that the monetary
authority should react more strongly to inflationary pressure coming from the more
competitive member of the monetary union. We compute the optimal monetary policy of the
central bank of the union and compare its performance with a simple Taylor rule. We discuss
the circumstances under which the Taylor rule approaches the optimal rule. The optimal
inflation target for the asymmetric union is also discussed.
Keywords: Currency area; optimal monetary policy; Taylor rule; imperfect competition;
sticky prices.
JEL Classification: E3, E4, E5, F4.Zusammenfassung
Dieses Papier untersucht die Auswirkung  unterschiedlicher Wettbewerbsintensitäten in den
Ländern eines Währungsraums auf die Wohlfahrt  und die optimale Geldpolitik.  Betrachtet
werden  zwei  Möglichkeiten, wie die Wettbewerbsintensität am  Gütermarkt die  Wohlfahrt
eines  Währungsraums  beeinflussen  kann.  Zwei  interessante  Schlussfolgerungen  können
gezogen werden. Erstens wirkt sich bei unflexiblen Preisen ein erhöhter Wettbewerb in der
Regel negativ auf die Wohlfahrt aus. Zweitens kann die Geldpolitik effektiver sein, wenn die
Länder  größere  Asymmetrien  aufweisen.  Diese  Ergebnisse  legen  es  nahe,  dass die
Zentralbank  stärker auf  einen  Inflationsdruck reagieren  sollte, der  von  dem  Mitgliedsland
ausgeht, in dem der Wettbewerb intensiver ist. Die optimale Geldpolitik der Zentralbank der
Währungsunion  wird ermittelt und mit einer einfachen Taylor-Regel verglichen. Es  werden
die  Voraussetzungen  erörtert,  unter  denen die Taylor-Regel  sich  der  optimalen  Regel
annähert.  Diskutiert  wird  auch  das  optimale  Inflationsziel  einer  asymmetrischen
Währungsunion.
Schlüsseltermini:  Währungsraum;  optimale  Geldpolitik; Taylor-Regel;  unvollständiger
Wettbewerb; starre Preise.
JEL-Klassifizierung: E3, E4, E5, F4.Frqwhqwv
4 Lqwurgxfwlrq 4
5 Wkh prgho :
514 Suhihuhqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
515 Ilupv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
51514 Fdoyr frqwudfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
6 Dssur{lpdwlrq ri wkh prgho 45
614 Ioh{leoh sulfh htxloleulxp= wkh qdwxudo udwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
615 Vwlfn| sulfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
7 Wkh zhoiduh ixqfwlrq 49
8 Rswlpdo srolf| 4<
9 Qxphulfdo uhvxowv 55
914 Ghjuhh ri frpshwlwlrq dqg zhoiduh xqghu wkh rswlpdo uxoh 1 1 1 1 1 1 1 1 1 1 58
915 Frpshwlwlrq/ qrplqdo uljlglw| dqg zhoiduh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
916 Wkh dv|pphwulf fxuuhqf| duhd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
917 Vkrfnv wr wkh uxoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
: Frqfoxvlrqv 68
D Dsshqgl{ 69
D14 Vwuxfwxudo htxdwlrqv xqghu vwlfn| sulfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
D15 Vhfrqg0rughu dssur{lpdwlrq wr wkh zhoiduh ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73Olvw ri Iljxuhv
4 Xqfrqglwlrqdo phdq ri wkh rxwsxw jds ghulyhg iurp wkh vhfrqg rughu ds0
sur{lpdwlrq/ dv d ixqfwlrq ri frpshwlwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
5 Zhoiduh lq d v|pphwulf xqlrq xqghu wkh rswlpdo srolf|/ $ @ 3=334 dqg
 @ 4=81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
6 Zhoiduh lq d v|pphwulf xqlrq xqghu wkh rswlpdo srolf|/ $ @ 3=334 dqg  @ 3=8 7<
7 Zhoiduh lq d v|pphwulf xqlrq xqghu wkh rswlpdo srolf|/  @ 4=8 dqg $ @ 3=41 83
8 Yduldqfh ri wkh lq dwlrq udwh dqg wkh rxwsxw jds lq d v|pphwulf xqlrq
xqghu wkh Wd|oru0uxoh= $ @ 3=4 dqg  @ 4=81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
9 Vxp ri wkh yduldqfh ri wkh lq dwlrq udwh/ ri wkh rxwsxw jds dqg ri wkh whupv
ri wudgh lq d v|pphwulf xqlrq xqghu wkh Wd|oru uxoh= $ @ =8 dqg  @ 4=81 1 85
: Zhoiduh +d, dqg Zhoiduh fkdqjh +e, lq d v|pphwulf hfrqrp| xqghu wkh
rswlpdo uxoh/  @ 4=8 dqg +4  , @ =;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
; Zhoiduh xqghu wkh rswlpdo uxoh dw ydu|lqj ghjuhhv ri frpshwlwlrq dqg frp0
shwlwlrq jds 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
< Udwlr ri Zhoiduh fkdqjh xqghu wkh Wd|oru uxoh dqg wkh rswlpdo uxoh/ yhuvxv
frpshwlwlrq dqg frpshwlwlrq jds 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
43 Uhodwlyh shuirupdqfh ri wkh Wd|oru uxoh dqg wkh rswlpdo uxoh xqghu glhuhqw
zhljkwlqj vfkhphv dqg frpshwlwlrq jdsv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89




Wklv vwxg| dgguhvvhv wkh txhvwlrq ri krz wkh prqhwdu| dxwkrulw| ri d jlyhq fxuuhqf| duhd
vkrxog uhdfw wr lglrv|qfudwlf vkrfnv zkhq wkh phpehuv ri wkh prqhwdu| xqlrq glhu zlwk
uhvshfw wr wkh ghjuhh ri frpshwlwlrq ri wkhlu pdunhwvB
Wzr glvwlqfw lvvxhv dulvh lq wklv lqyhvwljdwlrq1 Wkh uvw shuwdlqv wr wkh hhfwv ri
frpshwlwlrq rq zhoiduh/ zkloh wkh vhfrqg uhodwhv wr wkh hhfw rq zhoiduh ri dq dv|pphwulf
ghjuhh ri frpshwlwlrq dfurvv wkh prqhwdu| xqlrq1 Lq dqdo|vlqj wkh zhoiduh hhfwv ri
lpshuihfw frpshwlwlrq/ zh dvvxph wkdw wkh prqhwdu| dxwkrulw| ri wkh xqlrq dgrswv uxohv
dlphg +lpsolflwo| ru h{solflwo|, dw lqfuhdvlqj wkh xqlrq*v zhoiduh1
Zlwk uhjdug wr wkh uvw lvvxh/ wkh Iluvw Ixqgdphqwdo Zhoiduh Wkhruhp whoov xv wkdw
shuihfw frpshwlwlrq surgxfhv wkh Sduhwr rswlpdo htxloleulxp1
￿
Qhyhuwkhohvv/ wkhuh lv qr
wkhruhp wr jxlgh xv lq xqghuvwdqglqj wkh zhoiduh lpsolfdwlrqv ri frpshwlwlrq lq d vhfrqg
ehvw hfrqrp|1 Lq wklv sdshu zh zloo dvvxph wkdw sulfhv duh qrw frpsohwho|  h{leoh1 Lq
vxfk dq hqylurqphqw/ lw lv qrw reylrxv zklfk zd| wkh frpshwlwlrq0zhoiduh uhodwlrqvkls
vkrxog jr1 Lqghhg/ pdq| dxwkruv kdyh uhfhqwo| srlqwhg rxw wkdw qrplqdo uljlglwlhv eulqj
derxw dq lqh!flhqw glvshuvlrq ri wkh ghpdqg iru jrrgv dfurvv upv zkhq wkh odwwhu gr qrw
￿
L zlvk wr wkdqn froohdjxhv dw wkh Exqghvedqn iru wkhlu frpphqwv1 L dovr zlvk wr wkdqn Ohr yrq
Wkdgghq/ Dodq Vxwkhuodqg dqg Kxz Gl{rq iru wkhlu vxjjhvwlrqv1 L dvvxph ixoo uhvsrqvlelolw| iru dq|
uhpdlqlqj huuruv1 Wklv sdshu uh hfwv wkh ylhzv ri wkh dxwkru dqg qrw qhfhvvdulo| wkrvh ri wkh Ghxwvfkh
Exqghvedqn1
￿
Lq wklv sdshu zh phdvxuh frpshwlwlrq xvlqj wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq jrrgv1 Shuihfw
vxevwlwxwdelolw| lpsolhv shuihfw frpshwlwlrq1
4dgmxvw wkhlu sulfh vlpxowdqhrxvo|1
￿
Wkh glvshuvlrq ri rxwsxw +dqg sulfhv, lv lqfuhdvlqj lq
wkh ghjuhh ri frpshwlwlrq1 Khqfh/ iurp wklv shuvshfwlyh/ pruh frpshwlwlrq lpsolhv pruh
lqh!flhqf|1 Ixuwkhupruh/ vrph uhfhqw sdshuv kdyh vkrzq wkdw wkh ghjuhh ri frpshwlwlrq
fdq dhfw wkh ghjuhh ri uhdo uljlglw| ri sulfhv +h1j1 Edoo dqg Urphu +4<<3,/ Nlpedoo
+4<<8,/ Zrrgirug +5334, dqg Orpedugr +5334d/e,,1 Wklv phdqv wkdw wkh shuvlvwhqfh ri
wkh ghyldwlrqv ri yduldeohv iurp wkhlu  h{leoh sulfh htxloleulxp/ dv zhoo dv wkhlu yrodwlolw|/
duh dhfwhg e| wkh ghjuhh ri frpshwlwlrq1 Khqfh frpshwlwlrq fdq dhfw zhoiduh e| dhfwlqj
wkh yrodwlolw| ri wkh hfrqrp|1 Lq wklv sdshu zh vkrz wkdw/ lq wkh suhvhqfh ri vkrfnv/ wkh
wudglwlrqdo lqh!flhqf| wuldqjoh ri lpshuihfw frpshwlwlrq frxog eh pruh wkdq rvhw e|
wkh vwdelolvlqj hhfwv ri wkh prqrsrolvwlf glvwruwlrq1
Wkh vhfrqg lvvxh sxuvxhg e| rxu vwxg| frqfhuqv wkh uhodwlrqvkls ehwzhhq zhoiduh dqg
glhuhqfhv lq wkh ghjuhh ri frpshwlwlrq ehwzhhq phpehuv ri wkh fxuuhqf| xqlrq1 Wkh
Rswlpxp Fxuuhqf| Duhd sulqflsohv vxjjhvw wkdw frxqwulhv ehqhw iurp d frpprq fxuuhqf|
li wkhlu vwuxfwxuhv duh vlplodu +Vdoydwruh/ 5334 s :47,1 Lq wklv sdshu zh gr qrw vwxg|
wkh rswlpdolw| ri d fxuuhqf| duhd1 Lw lv qhyhuwkhohvv vxusulvlqj wr vhh wkdw xqghu wkh
dvvxpswlrqv wkdw fkdudfwhulvh rxu prgho/ wkh phpehu*v zhoiduh lqfuhdvhv lq wkh dv|pphwu|
ri wkh ghjuhh ri frpshwlwlrq ri wkh phpehuv ri wkh xqlrq1 Wkh udwlrqdoh ehklqg wklv uhvxow
olhv djdlq lq wkh vhfrqg0ehvw qdwxuh ri rxu hfrqrp|1 Zkhq sulfhv duh vwlfn|/ zhoiduh dovr
ghshqgv rq wkh h{whqw wr zklfk wkh whupv ri wudgh +uhodwlyh djjuhjdwh sulfhv ri wkh xqlrq0
phpehuv, ghyldwh iurp wkhlu  h{leoh sulfh htxloleulxp1 Dv srlqwhg rxw e| Ehqljqr +5333,/
wkh whupv ri wudgh duh lqghshqghqw ri ghyhorsphqwv lq wkh uhdo hfrqrp| zkhq wkh xqlrq
￿
Vhh iru h{dpsoh Nkdq hw do1 +5333, dqg Zrrgirug +4<<<d,1
5lv v|pphwulf1 Khqfh wkh| duh lqvxodwhg iurp prqhwdu| srolf|1 Dv|pphwulf hfrqrplf
vwuxfwxuhv lpso| glhuhqw dgmxvwphqw sdwkv iru grphvwlf sulfhv vr wkdw wkh whupv ri wudgh
+uhodwlyh sulfhv, zloo eh olqnhg wr wkh uhdo hfrqrp|/ dqg khqfh  xqghu vwlfn| sulfhv  wr
wkh prqhwdu| srolf|1 Wkh prqhwdu| dxwkrulw| fdq wkhuhiruh eulqj derxw kljkhu ohyhov ri
zhoiduh1
Khuh zh vkrz wkdw wkh zhoiduh hhfwv ri frpshwlwlrq/ dqg ri glhuhqw ghjuhhv ri frp0
shwlwlrq dfurvv wkh xqlrq/ ghshqg rq wkh prqhwdu| srolf| sxuvxhg e| wkh xqlrq*v fhqwudo
edqn1 Zh frqvlghu wzr dowhuqdwlyh srolflhv= wkh rswlpdo srolf| xqghu frpplwphqw dqg wkh
d Wd|oru0w|sh ri lqwhuhvw udwh uxoh +Wd|oru +4<<6,,1 Wkh iruphu zloo vhuyh dv d ehqfkpdun
uxoh iru wkh vhfrqg/ pruh uhdolvwlf lqwhuhvw udwh uxoh1 Wkh Wd|oru uxoh kdv ehhq zlgho|
glvfxvvhg lq wkh olwhudwxuh dv d uxoh wkdw forvho| uhvhpeohv wkh ehkdylrxu ri pdq| fhqwudo
edqnv1
￿
Dv iru wklv uxoh/ lw lv lpsruwdqw wr xqghuvwdqg zklfk xqlrq0zlgh djjuhjdwhv vkrxog
eh wdujhwhg1 Iru h{dpsoh/ wkh pdlq remhfwlyh ri wkh Hxurshdq Fhqwudo Edqn lv wr pdlq0
wdlq sulfh vwdelolw|1 Sulfh vwdelolw| lv phdvxuhg xvlqj d xqlrq0zlgh sulfh djjuhjdwh +wkh
KLFS,/ zklfk frqvlvwv ri wkh dyhudjh ri wkh phpehuv* lq dwlrq udwhv/ zhljkwhg e| wkhlu
frqvxpswlrq vkduhv1
￿
Rxu dqdo|vlv vkrzv wkdw/ fhwhulv sdulexv/ wkh rswlpdo zhljkwv lq wkh lqwhuhvw uxoh vkrxog
eh sursruwlrqdo wr wkh ghjuhh ri frpshwlwlrq ri wkh phpehuv ri wkh xqlrq1 Wkdw lv/ wkh
fhqwudo edqn vkrxog uhvsrqg pruh djjuhvvlyho| wr wkh lq dwlrq zklfk vwhpv iurp wkh
pruh frpshwlwlyh phpehu1 Wklv idfw lv frqvlvwhqw zlwk rxu hduolhu glvfxvvlrq derxw wkh
zhoiduh hhfwv ri frpshwlwlrq1 Lq wkh pruh frpshwlwlyh hfrqrp| wkh rxwsxw glvshuvlrq dqg
￿
Vhh/ iru h{dpsoh/ Fodulgd hw do1 +4<<:/4<<;,1
￿
Vhh wkh HFE Prqwko| Exoohwlq 0 Hxur Duhd Vwdwlvwlfv/ Phwkrgrorjlfdo Qrwhv/ Wdeoh 7141
6yrodwlolw| hhfwv ri frpshwlwlrq duh pruh pdunhg1 Khqfh sulfh lqvwdelolw| lq wkdw hfrqrp|
lv pruh ghwulphqwdo iru zhoiduh1 Vlqfh/ lq rxu prgho/ wkh fhqwudo edqn fdqqrw dhfw wkh
vwhdg|0vwdwh ohyho ri lqh!flhqf| +wkh lqh!flhqf| wuldqjoh,/ lwv rqo| ohyhudjh lv rq wkh
uhgxfwlrq ri wkh frvwv ri wkh exvlqhvv f|foh/ zklfk duh kljkhu lq wkh pruh frpshwlwlyh
hfrqrp|1
Rxu dqdo|vlv lv edvhg rq d wzr0frxqwu| prgho ã od Revwihog dqg Urjr +4<<8,1 Wkh
pdlq glhuhqfh ehwzhhq rxu vhw0xs dqg wkdw ri d sxuh rshq0hfrqrp| prgho lv wkdw zh
lpsrvh d vlqjoh fxuuhqf|/ vr wkdw h{fkdqjh udwhv gr qrw h{lvw1 Ehqljqr +5333, xvhv wklv
vhw0xs wr vwxg| dq lvvxh yhu| forvh wr wkh rqh wdnhq xs lq wklv sdshu= wkh hhfwv ri
dv|pphwulf ghjuhhv ri qrplqdo uljlglw| rq wkh zhoiduh ri d fxuuhqf| duhd1 Qrplqdo uljlglw|
+ru iuhtxhqf| ri sulfh dgmxvwphqwv, dqg lpshuihfw frpshwlwlrq duh fohduo| wzr glvwlqfw
frqfhswv1 \hw rqh fdq uhdvrqdeo| lpdjlqh wkdw wkh iuhtxhqf| ri sulfh dgmxvwphqwv vkrxog
ghshqg/ lqwhu dold/ rq wkh ghjuhh ri frpshwlwlrq1 Fduowrq +4<;9, vkrzv/ iru h{dpsoh/ wkdw
wkhuh lv hpslulfdo hylghqfh ri d srvlwlyh fruuhodwlrq ehwzhhq pdunhw frqfhqwudwlrq dqg
qrplqdo sulfh vwlfnlqhvv/ dowkrxjk wkhuh lv dovr hylghqfh ri d qhjdwlyh fruuhodwlrq ehwzhhq
frqfhqwudwlrq dqg uhdo uljlglw| +vl}h ri wkh dgmxvwphqw jlyhq wkh iuhtxhqf|,1
￿
Qhlwkhu
lq rxu sdshu qru lq Ehqljqr*v sdshu lv wklv frqqhfwlrq dvvxphg1 Lq wklv uhvshfw zh vhh
rxu sdshu dv frpsohphqwlqj Ehqljqr*v dqdo|vlv1 Ehqljqr*v srolf| suhvfulswlrq  wkdw wkh
fhqwudo edqn vkrxog uhvsrqg pruh djjuhvvlyho| wr wkh frxqwu| zlwk pruh vwlfn| sulfhv 
frxog eh dwwhqxdwhg/ li qrw wrwdoo| rvhw/ e| rxu srolf| suhvfulswlrq1 Rq wkh rqh kdqg wkh
vwlfnlhu sulfhv duh/ wkh pruh frvwo| lq dwlrq ehfrphv1 Rq wkh rwkhu/ jlyhq dq| srvlwlyh
￿
Pruh uhfhqwo|/ Srzhuv dqg Srzhuv +5334, surylgh vlplodu hpslulfdo hylghqfh1
7ghjuhh ri sulfh vwlfnlqhvv/ wkh pruh frpshwlwlyh wkh pdunhwv duh wkh pruh frvwo| lq dwlrq
ehfrphv1 Doorzlqj vwlfnlqhvv wr ydu| zlwk frpshwlwlrq surgxfhv dpeljxrxv hhfwv ri
frpshwlwlrq +vwlfnlqhvv, rq zhoiduh1
￿
Frqvhtxhqwo|/ wkh qhw hhfw ri wkhvh glvwruwlrqv rq
wkh rswlpdo lqwhuhvw udwh uxoh uhpdlqv dq hpslulfdo lvvxh1 Lq wklv sdshu zh vkrz wkh zhoiduh
hhfwv ri olqnlqj vwlfnlqhvv dqg frpshwlwlrq1 Ixuwkhu uhvhdufk rq wkh plfrirxqgdwlrq ri
wklv olqn lv fhuwdlqo| qhhghg1
Dv idu dv zh duh dzduh/ wkhuh duh qrw pdq| vwxglhv wkdw dgguhvv wkh lvvxh wdfnohg lq rxu
sdshu1 Zh kdyh douhdg| uhihuuhg wr wkh sdshu e| Ehqljqr +5333, lq zklfk d prgho vlplodu
wr rxuv lv vwxglhg1 Dorqj vlplodu olqhv/ Dqjholql hw do1 +5335,/ lq dq hpslulfdo sdshu/ vkrz
wkdw lqirupdwlrq edvhg rq qdwlrqdo yduldeohv/ dv rssrvhg wr phuh xqlrq0zlgh yduldeohv/
fdq lpsuryh wkh shuirupdqfh ri dq lqwhuhvw udwh uxoh1
Vfkplww0Jurkì dqg Xuleh +5334, vwxg| wkh lpsolfdwlrq ri glhuhqw ghjuhhv ri frpsh0
wlwlrq iru wkh rswlpdo vfdo dqg prqhwdu| srolf| ri d forvhg hfrqrp|1 Wkh| xvh d sxeolf
qdqfh dssurdfk wr vlpxowdqhrxvo| ghwhuplqh wkh rswlpdo +qrq0oxps vxp, wd{ udwh dqg
wkh rswlpdo lq dwlrq udwh1 Wkh| vkrz wkdw wkh rswlpdo lq dwlrq udwh lv srvlwlyh1 Zkloh wkh
yrodwlolw| ri lq dwlrq ghfuhdvhv lq wkh ghjuhh ri frpshwlwlrq/ wkh yrodwlolw| ri frqvxpswlrq
lqfuhdvhv/ dv zh qg lq rxu prgho1 Wkhvh dxwkruv gr qrw uhsruw wkh qhw hhfw rq zhoiduh
ri wkh ghjuhh ri frpshwlwlrq1
Nlqj dqg Zropdq +4<<<, dovr vwxg| wkh rswlpdo prqhwdu| srolf| lq dq lpshuihfwo|
frpshwlwlyh forvhg hfrqrp|1 Dprqj rwkhu wklqjv/ wkh| vkrz wkdw lq wkh suhvhqfh ri dq
￿
Zh kdyh yhulhg qxphulfdoo| wkdw wklv lv lqghhg wkh fdvh lq d yhuvlrq ri wkh prgho zkhuh erwk vwlfnlqhvv
dqg frpshwlwlrq glhu dfurvv frxqwu|1 Wkh qhw hhfw ghshqgv fohduo| rq wkh fxuydwxuh ri wkh pdunxs0
vwlfnlqhvv uhodwlrqvkls1
8lqh!flhqw vwhdg|0vwdwh ohyho ri rxwsxw/ wkh rswlpdo srolf| gulyhv wkh lq dwlrq udwh wr }hur
dv|pswrwlfdoo|1 Z h rewdlq wkh vdph uhvxow lq rxu sdshu1 Wkhvh dxwkruv gr qrw uhsruw wkh
zhoiduh lpsolfdwlrq ri ydulrxv ghjuhhv ri frpshwlwlrq1
Qhlvv +4<<<, vwxglhv wkh uhodwlrqvkls ehwzhhq wkh ghjuhh ri frpshwlwlrq dqg wkh glv0
fuhwlrqdu| rswlpdo lq dwlrq udwh lq d Eduur0Jrugrq w|sh ri prgho1 Wkh rswlpdo udwh lv
djdlq ghwhuplqhg e| rswlplvlqj d xwlolw|0edvhg zhoiduh ixqfwlrq1 Vkh vkrzv wkdw wkh rs0
wlpdo lq dwlrq udwh lv d qrq0prqrwrqlf ixqfwlrq ri wkh ghjuhh ri frpshwlwlrq1 Zh gr qrw
frqvlghu glvfuhwlrqdu| srolflhv khuh/ phdqlqj wkdw d gluhfw frpsdulvrq lv qrw srvvleoh1 Dv
Nlqj dqg Zropdq +4<<<, vkrz lq d prgho vlplodu wr rxuv/ Qhlvv* uhvxow zrxog hphujh li
wkh fhqwudo edqn kdg wr frpplw wr d frqvwdqw lq dwlrq udwh1 Zlwkrxw wklv frpplwphqw/
wkh rswlpdo lq dwlrq udwh whqgv wr }hur dv|pswrwlfdoo|1
E| lqwurgxflqj zhoiduh hhfwv ri kroglqj prqh|/ Nkdq hw do1 +5333, vkrz wkdw wkh
}hur lq dwlrq uhvxow ri Nlqj dqg Zropdq +4<<<, grhv qrw krog1 Lqvwhdg wkh| qg wkdw
d vpdoo gh dwlrq udwh zrxog eh rswlpdo1 Wklv gh dwlrq udwh ghfuhdvhv lq wkh ghjuhh ri
frpshwlwlrq1 Iroorzlqj Ehqljqr +5333, dqg Zrrgirug +4<<<d, zh devwudfw iurp wkhvh
prqhwdu| iulfwlrqv1
Wkh uhvw ri wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 ghvfulehv rxu prgho1 Vhfwlrq
6 ghulyhv wkh dssur{lpdwlrq ri wkh vwuxfwxudo htxdwlrqv ri wkh prgho1 Vhfwlrq 7 ghulyhv
wkh fhqwudo edqn*v orvv ixqfwlrq dv d vhfrqg0rughu dssur{lpdwlrq wr wkh krxvhkrogv* xwlolw|
ixqfwlrq1 Vhfwlrq 8 ghulyhv wkh rswlpdo prqhwdu| srolf|1 Vhfwlrq 9 vkrzv wkh lpsolfdwlrqv
ri rxu prgho e| zd| ri judsklfdo h{dpsohv1 Vhfwlrq : frqfoxghv1
95 Wkh prgho
Wkh vwuxfwxuh ri rxu prgho lv ixoo| lghqwlfdo wr wkdw ghyhorshg e| Ehqljqr +5333,/ dsduw
iurp wkh ghjuhh ri frpshwlwlrq dprqj wkh upv surgxflqj jrrgv lq wkh vdph frxqwu|1 Zh
dvvxph wkdw lw fdq ydu| dfurvv frxqwulhv1 Zh dovr dvvxph wkdw wkhuh duh wzr frxqwulhv/
ghqrwhg e| K dqg I1
514 Suhihuhqfhv
Krxvhkrogv lq frxqwu| K dqg frxqwu| I kdyh lghqwlfdo suhihuhqfhv ryhu ohlvxuh/ uhdo prqh|
edodqfhv dqg exqgohv ri frqvxpswlrq jrrgv surgxfhg dw krph dqg deurdg1 Wkhvh exqgohv


































































iru m @ K> I dqg zkhuh  @ 
￿
li m @ K dqg  @ 
￿
zkhq m @ I 1
￿
Lq wklv sdshu zh dgrsw wkh frqyhqwlrq wkdw wlph vxevfulswv dsshdu rqo| zkhq yduldeohv hydoxdwhg dw
glhuhqw wlphv dsshdu lq wkh vdph htxdwlrq1
:Wkh djjuhjdwru +6, lpsolhv wkdw wkh fxuuhqw dffrxqw ehwzhhq wkh wzr frxqwulhv lv dozd|v
dw lwv vwhdg|0vwdwh ohyho/ zklfk zh dvvxph wr eh htxdo wr }hur1
￿

























































Krxvhkrogv vxsso| d odujh ydulhw| ri oderxu vhuylfhv/ hdfk vshflf wr d up surgxflqj
jrrgv lq wkhlu rzq frxqwu|= l1h1 oderxu lv lppreloh dfurvv frxqwulhv dqg upv1





























Wkh frpsxwdwlrqdo dgydqwdjh ri qhxwudol}lqj wkh fxuuhqw dffrxqw e| lpsrvlqj d Free0Grxjodv dj0
juhjdwru ri frqvxpswlrq kdv ehhq uvw srlqwhg rxw e| Fruvhwwl dqg Shvhqwl +4<<<,1 Zlwk d pruh jhqhudo
FHV djjuhjdwru wkh fxuuhqw dffrxqw uhdfwlrq wr vkrfnv zrxog ghshqg rq wkh ghjuhh ri frpshwlwlrq wrr/ dv
glvfxvvhg lq Orpedugr +5334d,1 Zh qhjohfw wklv srvvlelolw| iru frpsxwdwlrqdo frqyhqlhqfh1
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￿ +;,




































￿ lv wkh pdunhw glvfrxqw idfwru/ P
￿ lv wkh prqh| vwrfn khog e| frqvxphuv/ E
￿ lv d
qrplqdo erqg uhsuhvhqwlqj fodlpv rq jrrgv surgxfhg e| wkh rwkhu frxqwu| lq wkh xqlrq/
l
￿ lv wkh qrplqdo lqwhuhvw udwh/ 
￿ lv d oxps0vxp wd{2wudqvihu dqg |
￿ +}, lv wrwdo uhdo rxwsxw
ri wkh }0wk up1 " lv d zhljkw rq uhdo edodqfhv lq wkh krxvhkrog remhfwlyh1 Lq idfw/ prqh|
lv luuhohydqw lq wkh suhvhqw prgho/ vlqfh wkh prqhwdu| dxwkrulw| xvhv wkh qrplqdo lqwhuhvw
udwh dv wkh srolf| lqvwuxphqw1 Lq dgglwlrq/ lq wkh zhoiduh hydoxdwlrq zh dvvxph wkdw "








Lqghhg zh frxog gurs prqh| dowrjhwkhu iurp rxu prgho1 E| lqwurgxflqj prqh| h{solflwo| lq wkh prgho
zh fdq vkrz wkdw wkhuh lv d zhoo ghqhg ghpdqg iru prqh|/ zklfk ghshqgv rq frqvxpswlrq dqg wkh qrplqdo
lqwhuhvw udwh/ frqvlvwhqwo| zlwk wkh Oltxlglw| suhihuhqfh wkhru| +vhh htxdwlrq +45, ehorz,1 Dv orqj dv
vrph prqh| lv khog e| wkh krxvhkrogv/ wkh fhqwudo edqn fdq frqwuro wkh vkruw uxq lqwhuhvw udwh1







































































Wkhuh duh d odujh qxpehu ri upv lq wkh xqlrq/ zklfk zh lqgh{ rq wkh xqlw lqwhuydo1 Ri
wkhvh/ q surgxfh lq frxqwu| K dqg 4  q lq frxqwu| I1 Hdfk up surgxfhv rqh w|sh ri
jrrgv vr wkdw wkhuh duh dv pdq| jrrgv dv upv1 Hdfk lwhp lv dq lpshuihfw vxevwlwxwh iru
wkh rwkhu jrrgv/ dv lqglfdwhg e| wkh krxvhkrog*v suhihuhqfhv1 Hdfk up xvhv wkh vdph
whfkqrorj|/ wkdw lv









￿ lv d whfkqrorj| vkrfn sdudphwhu/ o +}, lv wkh vshflf oderxu lqsxw dqg  n lv dq|
rwkhu idfwru +srvvleo| fdslwdo, xvhg lq surgxfwlrq1 Z h dvvxph wkdw wkhvh rwkhu idfwruv duh
43{hg dqg qrupdolvhg wr rqh1
51514 Fdoyr frqwudfwv
Zh dvvxph wkdw upv dgmxvw sulfhv rqo| dw udqgrp lqwhuydov/ lq dffrugdqfh wr wkh phfk0
dqlvp ghvfulehg lq Fdoyr +4<;6,1 Wkdw lv/ lq dq| shulrg ri wlph wkhuh lv d suredelolw| $
wkdw wkh up grhv qrw dgmxvw wkh sulfh1


























zkhuh W F ghqrwhv wrwdo frvwv ri surgxfwlrq dqg  lv wkh krxvhkrog glvfrxqw idfwru1
￿
￿









































￿ lv wkh pdun0xs1



































5 ^3> q`> dqg }
￿
@ +q> 4` dqg v
￿
A 4 lv d frxqwu|0vshflf vxevlg| iru surgxfwlrq
￿
￿
Pruh dssursuldwho| zh vkrxog xvh wkh pdunhw lqwhuhvw udwh1 Lq wkh olqhdul}dwlrq ri wkh prgho wkh
dssursuldwh glvfrxqw idfwru zloo eh wkh vwhdg| vwdwh pdunhw udwh/ zklfk lq wxuq zloo eh wkh krxvhkrog
glvfrxqw idfwru1
44wkdw zloo frxqwhu wkh prqrsrolvwlf glvwruwlrq1 Dv d frqvhtxhqfh/ upv fkdujlqj glhuhqw
sulfhv zloo idfh glhuhqw ghpdqgv dqg khqfh glhuhqw pdujlqdo frvwv ri surgxfwlrq1 Wkh
whfkqrorj| vkrfn D
￿ lv frxqwu|0vshflf exw lv lghqwlfdo dfurvv upv zlwklq hdfk frxqwu|1
6 Dssur{lpdwlrq ri wkh prgho
Iroorzlqj Z rrgirug +4<<<d, dqg Ehqljqr +5333, zh ghulyh wkh remhfwlyh ri wkh fhqwudo
edqn iurp wkh vhfrqg0rughu dssur{lpdwlrq ri d srsxodwlrq0zhljkwhg vxp ri wkh krxvh0
krogv* xwlolw| ixqfwlrq1 Wkh vwuxfwxudo prgho lv qrq0olqhdu dqg fdq eh vroyhg rqo| lq lwv
dssur{lpdwhg irup1 Dv Zrrgirug +4<<<d, h{sodlqv/ d uvw0rughu dssur{lpdwlrq ri wkh
vwuxfwxudo htxdwlrqv ri wkh prgho vx!fhv iru wkh hydoxdwlrq ri zhoiduh li wkh vhfrqg0rughu
dssur{lpdwlrq ri wkh zhoiduh ixqfwlrq grhv qrw kdyh olqhdu whupv1
￿
￿
Dv zh vkrz odwhu rq/
lq wkh vwhdg|0vwdwh doo olqhdu whupv lq wkh zhoiduh ixqfwlrq fdqfho rxw zkhq wkh hfrqrp|*v
vwhdg|0vwdwh lv dq h!flhqw htxloleulxp +h1j1 wkdqnv wr vxevlglhv,1 Rxu vwxg| frqvlvwv ri
hydoxdwlqj wkh zhoiduh lpsolfdwlrqv ri ydulrxv srolf| uxohv xqghu glhuhqw ghjuhhv ri frp0
shwlwlrq1 Lq wklv uhjdug lw zrxog qrw pdnh vhqvh wr dvvxph dq h!flhqw vwhdg|0vwdwh1 Zh
wkhuhiruh qhhg wr xvh d vhfrqg0rughu dssur{lpdwlrq wr wkh vwuxfwxudo htxdwlrqv ri rxu
prgho1 Vxwkhuodqg +5334, vkrzv wkdw wkhuh lv d vlpsoh vroxwlrq wr wklv sureohp1 D gudz0
edfn ri wklv dssurdfk lv wkdw wkh dojheud ehfrphv pruh fxpehuvrph1 Iruwxqdwho|/ rxu
uhvxowv edvhg rq wkh uvw rughu dssur{lpdwlrq duh txdolwdwlyho| vlplodu wr wkrvh zh rewdlqhg
xvlqj d vhfrqg rughu dssur{lpdwlrq1 Zh zloo wkhuhiruh suhvhqw wkh uhvxowv edvhg rq wkh
￿
￿
Wklv srlqw zdv uvw udlvhg e| Nlp dqg Nlp +5333,1 Wkh| vkrz wkdw wkh orj0olqhdulvdwlrq fdq eulqj
derxw vsxulrxv zhoiduh uhyhuvdov1 Wklv lv fohduo| uhohydqw wr rxu prgho1 Wkh dxwkruv sursrvh d eldv
dgmxvwphqw wr uhgxfh wkh lqdffxudf| ri wkh dssur{lpdwlrq1 Pruhryhu/ wkh| vkrz wkdw d txdgudwlf ds0
sur{lpdwlrq fdq uhgxfh wkh lqdffxudf| vljqlfdqwo|1 Zh dgrsw wklv odwwhu vroxwlrq1
45uvw0rughu vroxwlrq dqg rqo| glvfxvv wkh lpsolfdwlrqv ri wkh vhfrqg0rughu dssur{lpdwlrq1
Zh frqvlghu d xqlrq zlwk }hur furvv0frxqwu| erqg kroglqj1 Lq wklv fdvh djjuhjdwh





￿ 1 Wkdw lv/ wkhuh
lv shuihfw ulvn0vkdulqj lq frqvxpswlrq1
614 Ioh{leoh sulfh htxloleulxp= wkh qdwxudo udwhv
Wkh remhfwlyh ri wkh fhqwudo edqn lv wr pd{lplvh wkh zhoiduh ri wkh xqlrq1 Wkh odwwhu lv vxe0
rswlpdo gxh wr prqrsrolvwlf glvwruwlrq dqg/ lq wkh suhvhqfh ri vkrfnv/ wr wkh vwlfnlqhvv ri
sulfhv1 Wkh fhqwudo edqn fdqqrw gluhfwo| dgguhvv dq| ri wkhvh lpshuihfwlrqv1 Qhyhuwkhohvv/
wkdqnv wr sulfh vwlfnlqhvv/ wkh fhqwudo edqn fdq pdqrhxyhu wkh uhdo hfrqrp| lq vxfk d zd|
dv wr uhgxfh wkh zhoiduh frvw ri wkh exvlqhvv f|foh1
Devwudfwlqj iurp wkh ghdgzhljkw orvv/
￿
￿
wkh uvw ehvw lv fohduo| dfklhyhg zlwk sulfh
 h{lelolw|1 Lq wklv fdvh/ sulfhv uh hfw suhflvho| wkh pdujlqdo frvw ri surgxfwlrq dqg wkh
suhihuhqfhv ri wkh krxvhkrogv1 Wkh fhqwudo edqn zloo dlp dw uhgxflqj wkh ghyldwlrqv ri wkh
hfrqrp| iurp wkh  h{leoh sulfh htxloleulxp1 Lqghhg/ Jrrgiulhqg dqg Nlqj +4<<:/ 5334,
vkrz wkdw/ xqghu d zlgh udqjh ri srvvleoh dvvxpswlrqv/ wkh rswlpdo prqhwdu| srolf| lv
wkdw zklfk uhsurgxfhv sulfh  h{lelolw|1
Lw vkrxog uvw eh qrwhg wkdw zlwk  h{leoh sulfhv/ upv vhw wkhlu sulfh dv d pdun0xs






￿ / zh rewdlq
￿
￿
E| wklv zh uhihu h{foxvlyho| wr wkh glvwruwlrq wkdw zrxog dovr eh suhvhqw xqghu  h{leoh sulfhv/ l1h1 wkh
lqh!flhqf| wuldqjoh1











































































zkhuh zh kdyh pdgh xvh ri wkh oderxu ghpdqg lpsolhg e| wkh surgxfwlrq ixqfwlrq +htxd0







Dq htxdwlrq vlplodu wr htxdwlrq +49, dssolhv wr frxqwu| I1 Zh fdq wkhuhiruh ghulyh wkh

























Li zh udlvh htxdwlrq +49, wr wkh srzhu ri q dqg wkh iruhljq frxqwhusduw e| +4  q, dqg























































￿ 1 Wkhq wkh orj ghyldwlrq ri wkh qdwxudo



















Lw lv qdoo| zruwk ghulylqj wkh qdwxudo lqwhuhvw udwh/ ru wkh Zlfnvhooldq lqwhuhvw udwh














Lw lv lpsruwdqw wr qrwh wkdw frqvxpswlrq ohyhov lq wkh wzr frxqwulhv duh dozd|v lghqwlfdo
47luuhvshfwlyh ri wkh v|pphwu| ri wkh xqghuo|lqj vkrfnv1 Qhyhuwkhohvv/ wkh qdwxudo whupv ri






Wkh ghulydwlrq ri wkh ixqgdphqwdo g|qdplf htxdwlrqv ri rxu prgho uhtxluh vrph whglrxv
dojheud/ zklfk zh suhihu wr suhvhqw lq wkh dsshqgl{1 Khuh zh vkrz rqo| wkh qdo rxwfrph1
Ohw xv uvw ghqh wkh orj ghyldwlrq ri wkh lq dwlrq udwh dv 
￿







xqlrq0zlgh lq dwlrq/ dqg 
￿
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￿











Li zh dvvxph lghqwlfdo ghjuhhv ri frpshwlwlrq dfurvv frxqwulhv/ wkh whupv ri wudgh
ehfrph lqvxodwhg iurp wkh uhvw ri wkh hfrqrp|= wkh whupv ri wudgh jds fdq eh }hur rqo| li
wkh qdwxudo whupv ri wudgh duh }hur dw doo wlphv1 Lq wklv fdvh lq dwlrq dqg wkh rxwsxw jds
fdq eh uhgxfhg vlpxowdqhrxvo| wr }hur1
Htxdwlrqv +4<, dqg +54, vxjjhvw lqvwhdg wkdw dv|pphwu| fdq eulqj derxw d wudgh0r
ehwzhhq rxwsxw/ lq dwlrq dqg whupv ri wudgh vwdelol}dwlrq/ dv Ehqljqr +5333, srlqwv rxw1
Zh qrz wxuq wr wkh ghulydwlrq ri rxu phdvxuh ri zhoiduh1
7 Wkh zhoiduh ixqfwlrq
Wkh dsshqgl{ vkrzv krz wr wdnh d vhfrqg0rughu dssur{lpdwlrq wr wkh krxvhkrogv* xwlolw|
ixqfwlrq lq rxu prgho1 Wkh fhqwudo edqn djjuhjdwhv wkh zhoiduh ixqfwlrq ri hdfk krxvhkrog
dfurvv wkh xqlrq dwwdfklqj wkh vdph zhljkw wr hdfk ri wkhp1 Iru wkh vdnh ri vlpsolflw|




@  +h1j1 wkdqnv wr surgxfwlrq





























5 +4  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Zh xvh wkh dvvxpswlrq ri htxdo vwhdg|0vwdwh lqh!flhqf| dfurvv wkh xqlrq wr suhvhqw
wkh qxphulfdo uhvxowv odwhu rq1 Wklv lv d sduwlfxoduo| frqyhqlhqw phdqv ri ghulylqj wkh rs0
wlpdo srolf|1 Uhod{lqj wklv dvvxpswlrq zrxog uhlqirufh rxu uhvxowv frqfhuqlqj wkh rswlpdo
zhljkwv lq d Wd|oru0w|sh ri lqwhuhvw uxoh1 Wklv fdq hdvlo| eh yhulhg e| lqvshfwlqj htxd0
wlrq +55, dqg wdnlqj lw dv uhihuulqj wr rqh frxqwu| rqo|/ vd| frxqwu| K1 Lq wklv fdvh/ wkh
frh!flhqw rq K0lq dwlrq lqfuhdvhv lq wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq K0surgxfhg
jrrgv= wkh frvw ri lq dwlrq lqfuhdvhv1 Ixuwkhupruh/ 
￿
lqfuhdvhv lq wkh hodvwlflw|/ pdnlqj
doo wkh edg dujxphqwv ri wkh zhoiduh ixqfwlrq pruh frvwo|1 Wkh lqwxlwlrq lv fohdu= li wkh
vwhdg|0vwdwh lv h!flhqw/  @ 4/ ghyldwlqj iurp lw lv pruh frvwo| wkdq li wkh vwhdg|0vwdwh lv
lqh!flhqw1
Htxdwlrq +55, vkrzv wkdw xqghu  @ 4/ wkh uvw0ehvw vroxwlrq zrxog eh wr frpsohwho|
holplqdwh wkh  xfwxdwlrqv lq lq dwlrq/ wkh rxwsxw jds dqg wkh whupv ri wudgh jds1 Qhy0
huwkhohvv/ htxdwlrq +53, wrjhwkhu zlwk htxdwlrq +4<, dqg htxdwlrq +54, lpso| wkdw wkh
whupv ri wudgh jds fdqqrw eh holplqdwhg lq wkh suhvhqfh ri vkrfnv1 Wkhuhiruh/ wkh h!flhqw
4:rxwfrph fdqqrw eh dfklhyhg1
￿
￿
Wkh uhvxow lv wkhuhiruh wkdw/ zlwk xqhtxdo ghjuhhv ri frpshwlwlrq  dv zlwk xqhtxdo
ghjuhhv ri qrplqdo uljlglwlhv +Ehqljqr/ 4<<<,  wkh fhqwudo edqn idfhv d wudgh0r lq wkh
fkrlfh ri wkh yrodwlolw| ri wkhvh wkuhh yduldeohv1
Jlyhq xqhtxdo ghjuhhv ri frpshwlwlrq/ dv lq wkh fdvh ri xqhtxdo ghjuhhv ri qrplqdo
uljlglw|/ wkhuh lv d whqvlrq ehwzhhq wkh qhhg wr holplqdwh wkh lqh!flhqf| gxh wr sulfh
vwlfnlqhvv dqg wkh qhhg wr doorz uhodwlyh sulfhv dfurvv frxqwulhv wr dgmxvw lq dffrugdqfh
zlwk surgxfwlylw| glhuhqwldov1
Htxdwlrq +55, vkrzv dovr wkdw wkh glhuhqfh lq wkh ghjuhhv ri frpshwlwlrq hqwhuv zhoiduh
rqo| wkurxjk wkh pdujlqdo glvxwlolw| ri wkh frxqwu|0vshflf lq dwlrq1 Li hdfk krxvhkrog
lq wkh xqlrq uhfhlyhv wkh vdph zhljkw/ htxdwlrq +55, vxjjhvwv wkdw wkh zhoiduh0pd{lpl}lqj
fhqwudo edqn vkrxog uhdfw pruh vwurqjo| wr wkh lq dwlrq ri wkh frxqwu| zlwk kljkhu frp0
shwlwlrq1 Wkh udwlrqdoh iru wklv uhvxow lv wkdw frxqwulhv zlwk kljkhu frpshwlwlrq h{shulhqfh
d kljkhu glvshuvlrq ri surgxfwlrq/ zklfk/ jlyhq lghqwlfdo whfkqrorjlhv/ lv d vrxufh ri lqhi0
flhqf|1
Xqghu  ? 4 wkhuh lv h{wud whqvlrq lq wkh remhfwlyh ri wkh srolf|pdnhu1 Rq wkh rqh
kdqg/ d kljkhu rxwsxw jds zrxog dsshdu wr lqfuhdvh zhoiduh1 Dv vkrzq lq Nlqj dqg
Zropdq +4<<<,/ ghvslwh wkh lqh!flhqw vwhdg|0vwdwh/ wkh rswlpdo srolf| vwloo fdoov iru wkh
holplqdwlrq ri wkh rxwsxw jds lq wkh orqj uxq1
￿
￿
Rq wkh rwkhu/ wkh yrodwlolw| ri frqvxpswlrq
￿
￿
Wklv lv htxlydohqw wr sursrvlwlrq : lq Ehqljqr +5333,1
￿
￿
Nlqj dqg Zropdq uhihu wr wklv uhvxow dv d prglhg prqhwdu| jroghq uxoh1 Wkh| vkrz wkdw lq d prgho
zkhuh sulflqj ghflvlrqv iroorz wkh Fdoyr +4<;6, vwuxfwxuh/ d fhqwudo edqn wkdw kdg wr fkrrvh d frqvwdqw
lq dwlrq udwh/ zrxog sodfh lw voljkwo| deryh }hur1 Wklv zrxog hurgh wkh up*v pdunhw srzhu1 Krzhyhu/ d
fuhgleoh glvlq dwlrqdu| srolf| fdq lqfuhdvh frqvxpswlrq lq wkh vkruw uxq dqg/ jlyhq d srvlwlyh glvfrxqw
udwh/ wklv lv ydoxhg pruh wkdq wkh orqj0uxq vxerswlpdo ohyho ri frqvxpswlrq1 Wkh vdph hhfw lv dw zrun lq
4;dhfwv zhoiduh1 Wklv lv wuxh hyhq li wkh rxwsxw jds lv holplqdwhg lq hdfk shulrg1 Lq wklv
hyhqw/ wkh yrodwlolw| ri frqvxpswlrq kdv d qhjdwlyh hhfw rq zhoiduh rqo| li wkh ghjuhh ri




Lq wklv vhfwlrq zh fkdudfwhulvh wkh rswlpdo srolf| zlwk frpplwphqw iru d fhqwudo edqn
zklfk vhhnv wr plqlplvh wkh orvv ixqfwlrq +55, vxemhfw wr wkh djjuhjdwh Skloolsv fxuyh
+htxdwlrq +4<,, dqg wkh g|qdplfv ri wkh whupv ri wudgh +htxdwlrq +54,,1 Zh xvh wkh
rswlpdo srolf| dv d ehqfkpdun iru wkh pruh sodxvleoh Wd|oru0w|sh lqwhuhvw udwh uxoh1 Wkh
dgydqwdjh ri xvlqj vxfk d ehqfkpdun lv wkdw lw surylghv d phwulf iru wkh shuirupdqfh ri
wkh Wd|oru uxoh1 Wkh gudzedfn lv wkdw zh hydoxdwh wkh rswlpdo uxoh rqo| rq wkh edvlv
ri d uvw0rughu dssur{lpdwlrq ri wkh vwuxfwxudo htxdwlrqv ri wkh hfrqrp| dqg xqghu dq
lghqwlfdo vwhdg|0vwdwh ghjuhh ri lqh!flhqf|1 D vwxg| ri wkh Wd|oru uxoh dorqh/ edvhg rq
d vhfrqg0rughu dssur{lpdwlrq dqg glhuhqw ghjuhhv ri vwhdg|0vwdwh lqh!flhqf|/ surgxfhg
txdolwdwlyho| lghqwlfdo uhvxowv1
rxu prgho1 D zrug ri fdxwlrq lv lq rughu lq wklv uhjdug1 Wkh prglhg jroghq uxoh klqjhv rq wkh h{lvwhqfh
ri sulfh frqwudfwv +h1j1 ã od Fdoyr,1 Wkhvh w|shv ri sulfh frqwudfwv duh qrw uhdvrqdeoh xqghu kljk ohyhov ri
lq dwlrq ru lq shulrgv ri uhjlph fkdqjhv= h1j1 d vwurqj glvlq dwlrqdu| srolf|1
￿
￿
Qrwlfh wkdw zlwk j ' f djhqwv duh ulvn qhxwudo1 Wkh vtxduhg whup lq wkh zhoiduh ixqfwlrq wkdw vwloo




lv orj0qrupdoo| glvwulexwhg/ dv dvvxphg lq
wklv sdshu1






























































































































/ wkh vroxwlrq wr wklv
sureohp |lhogv
a {
























+4  , +4  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Wkh frqvwdqw l lv qhjohfwhg vlqfh lw zrxog qrw fkdqjh wkh uhvxowv1 Wkh Odjudqjldq pxowlsolhuv duh dovr
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Htxdwlrqv +56, dqg +57, wrjhwkhu zlwk htxdwlrq +4<,/ +54, dqg +53, ixoo| ghvfuleh wkh
g|qdplfv ri rxu hfrqrp|1
Dvvxplqj/ iru wkh vdnh ri vlpsolflw|/ wkdw  @ 4/ li wkh wzr frxqwulhv duh v|pphwulf
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Wklv uhvxow frqupv wkdw wkh }hur lq dwlrq dqg }hur rxwsxw jds duh rswlpdo dqg ihdvleoh
dqg wkdw wkh whupv ri wudgh jds lv rxw ri frqwuro ri wkh prqhwdu| dxwkrulw|1 Wkdw lv/ wkh
uvw0ehvw vroxwlrq fdqqrw eh dfklhyhg1
54Wkh prgho lv vroyhg xvlqj d whfkqltxh vlplodu wr Vlpv +5333, dqg Nohlq +5333,1 Dv
















zkhuh wkh xqfrqglwlrqdo h{shfwdwlrq rshudwru wdnhv dffrxqw ri doo srvvleoh lqlwldo vwdwhv dw
wkh wlph ri wkh srolf| ghflvlrq1 Wkhuhiruh/ zh xvh xqfrqglwlrqdo +dv|pswrwlf, yduldqfhv ri
rxwsxw/ lq dwlrq dqg wkh whupv ri wudgh wr phdvxuh wkh zhoiduh orvv xqghu wkh dvvxpswlrq
wkdw wkh lqqrydwlrqv wr wkh whfkqrorj| surfhvv duh qrupdoo| glvwulexwhg zlwk xqlw yduldqfh
dqg }hur phdq1 Zh frqvlghuhg wzr dowhuqdwlyhv iru wkh phdq ri wkh whfkqrorj| surfhvv=
phdq }hur dqg phdq htxdo wr plqxv kdoi lwv yduldqfh1 Wkh odwwhu hqvxuhv wkdw wkh whfkqro0
rj| vkrfn lq ohyhov kdv phdq rqh1 Rxu uhvxowv frqfhuqlqj prqhwdu| srolf| duh lqyduldqw
wr wkhvh dowhuqdwlyhv1
Prvw ri wkh sdudphwhuv wkdw zh xvh lq rxu vhqvlwlylw| dqdo|vlv dhfw wkh vwhdg|0vwdwh ri
wkh hfrqrp|1 Wkhuhiruh/ zh phdvxuh wrwdo zhoiduh dv wkh qrq0prqhwdu| sduw ri wkh xwlolw|
ixqfwlrq +htxdwlrq +:d,, hydoxdwhg lq wkh vwhdg|0vwdwh plqxv kdoi wkh zhoiduh orvv phdvxuh
ri htxdwlrq +55,1
9 Qxphulfdo uhvxowv
Wkh qxphulfdo h{huflvhv sursrvhg ehorz frpsduh wkh shuirupdqfh  lq zhoiduh whupv  ri
wkh Wd|oru uxoh dqg ri wkh rswlpdo uxoh/ xqghu dv|pphwulf surgxfwlylw| vkrfnv dqg xqghu
glhuhqw dvvxpswlrqv derxw wkh ghjuhh ri frpshwlwlrq1
















￿ / zkhuh/ xqohvv
glhuhqwo| vshflhg/ 
￿ @ 4=8 dqg 
￿ @ 3=8 @ 
￿
1 Zh wdnh wkh Wd|oru uxoh dv d vlpsoh
ihhgedfn uxoh zkhuh wkh rxwsxw jds dqg lq dwlrq udwh ri wkh phpehuv ri wkh xqlrq duh
zhljkwhg e| wkh vl}h ri wkh frxqwu|1 Zkloh wklv w|sh ri uxoh kdv riwhq ehhq dvvrfldwhg zlwk
revhuyhg prqhwdu| srolflhv lq ydulrxv frxqwulhv +vhh/ iru h{dpsoh/ Fodulgd hw do1/ 4<<:,/ lw
vhuyhv khuh rqo| dv d uhdvrqdeoh h{dpsoh ri d srolf| wkdw qhjohfwv wkh vwuxfwxudo glhu0
hqfhv ri wkh ydulrxv uhjlrqv ri wkh prqhwdu| xqlrq1 Wklv uxoh pljkw qrw eh rshudwlrqdo
+lq wkh vhqvh ri PfFdooxp dqg Qhovrq +4<<<,,1 Lw uhtxluhv wkh fhqwudo edqn wr kdyh nqrzo0
hgjh ri wkh fxuuhqw lq dwlrq udwh/ wkh fxuuhqw ohyho ri rxwsxw dqg wkh fxuuhqw vl}h ri wkh




Qhyhuwkhohvv/ lw lv zruwk qrwlqj wkdw uhsodflqj h{shfwhg ydoxhv rq wkh uljkw0kdqg
vlgh ri wkh uxoh iru dfwxdo ydoxhv grhv qrw surgxfh dq| txdolwdwlyh fkdqjh lq wkh uhodwlyh
shuirupdqfh ri wkh uxoh1
Zh vwduw rxu qxphulfdo dqdo|vlv e| orrnlqj dw wkh hhfw ri glhuhqw ghjuhhv ri frp0
shwlwlrq lq d v|pphwulf xqlrq1 Wkhuh duh wkuhh lpsruwdqw zd|v lq zklfk wkh ghjuhh ri
frpshwlwlrq fdq dhfw zhoiduh lq rxu prgho1 Wkh uvw lv wkh wudglwlrqdo ghdgzhljkw orvv
surgxfhg e| wkh prqrsrolvwlf glvwruwlrq= kljkhu sulfhv dqg orzhu rxwsxw1
Wkh vhfrqg fkdqqho wkurxjk zklfk wkh ghjuhh ri frpshwlwlrq dhfwv zhoiduh lv wkurxjk
wkh lqh!flhqw glvshuvlrq ri rxwsxw dfurvv upv1
￿
￿
Wkurxjk htxdwlrqv +76, dqg +84, wkh
hodvwlflw| ri wkh ghpdqg iru jrrgv hqwhuv wkh zhoiduh ixqfwlrq dv d zhljkw rq wkh lq dwlrq
￿
￿




Wkh uhodwlrqvkls ehwzhhq frpshwlwlrq dqg wkh rxwsxw0glvshuvlrq glvwruwlrq lv glvfxvvhg dovr lq Nkdq
hw do1 +5333 s 64,1
56udwh= wkh kljkhu wkh hodvwlflw|/ wkh odujhu wkh zhljkw1 Zh zloo fdoo wklv fkdqqho wkh zhljkwv
hhfw ri frpshwlwlrq1 Wklv fkdqqho lpsolhv wkhq wkdw/ devwudfwlqj iurp wkh uvw fkdqqho/
zhoiduh ghfuhdvhv lq wkh ghjuhh ri frpshwlwlrq1
Wkh odwwhu fkdqqho lv rqo| sduwldoo| dhfwhg e| wkh dvvxpswlrq ri vshflf idfwruv ri
surgxfwlrq1 Wkh wklug fkdqqho wkdw zh kljkoljkw khuh lv lqvwhdg yhu| vhqvlwlyh wr wkh vorsh
ri wkh pdujlqdo frvw fxuyh1 Nlpedoo +4<<8, vkrzv wkdw/ wkhruhwlfdoo|/ d kljkhu hodvwlflw| ri
ghpdqg lqfuhdvhv wkh ghjuhh ri uhdo uljlglw| ri sulfhv/ li wkh pdujlqdo frvw ri wkh up lv
lqfuhdvlqj lq lwv rzq rxwsxw1
￿
￿
Wklv wklug fkdqqho dhfwv zhoiduh lqgluhfwo| wkurxjk wkh
yrodwlolw| ri wkh yduldeohv udwkhu wkdq wkurxjk wkh zhljkwv dwwdfkhg wr wkrvh yrodwlolwlhv lq
wkh zhoiduh ixqfwlrq1 Zh zloo fdoo wklv fkdqqho wkh yrodwlolw| hhfw ri frpshwlwlrq1
Qr ixuwkhu lqirupdwlrq lv qhfhvvdu| wr xqghuvwdqg wkdw wkh qhw hhfw ri frpshwlwlrq rq
zhoiduh ghshqgv rq wkh yduldqfh ri wkh xqghuo|lqj vkrfnv1 Zlwk }hur yduldqfh wkh prgho
lv gh idfwr vwdwlf dqg qrq0vwrfkdvwlf1 Wkhuhiruh/ wkh hhfw ri frpshwlwlrq rq zhoiduh lv
ixoo| ghvfulehg e| wkh vwhdg|0vwdwh zhoiduh ixqfwlrq= lw lv wkh wudglwlrqdo lqh!flhqf| wul0
dqjoh1 Wkh prgho lv vroyhg lq d olqhdu +ru olqhdu0txdgudwlf, irup1 Khqfh wkh prphqwv
ri wkh yduldeohv duh sxuh olqhdu +frqwlqxrxv, wudqvirupdwlrqv ri wkh prphqwv ri wkh xq0
ghuo|lqj vkrfn1 Khqfh/ iru vx!flhqwo| vpdoo ydoxhv ri wkh vkrfn yduldqfh/ wkh vwhdg|0vwdwh
frpsrqhqw ri zhoiduh pxvw grplqdwh wkh g|qdplf frpsrqhqw1 Lw lv hylghqw wkdw wkhuh
pxvw eh d fulwlfdo ydoxh ri wkh vkrfn yduldqfh eh|rqg zklfk wkh qhjdwlyh frqwulexwlrq ri
frpshwlwlrq vwhpplqj iurp wkh g|qdplfv ri wkh hfrqrp| suhydlov ryhu wkh vwdwlf hhfw1
￿
￿
Rq wkh uhdo uljlglw| vhh Edoo dqg Urphu +4<<3,1 Zrrgirug +5334, uh0qdphv wklv hhfw dv wkh vwudwhjlf
frpsohphqwdulw| lq sulfh0vhwwlqj1 Orpedugr +5334, surylghv vrph pdfurhfrqrphwulf hylghqfh ri wklv
phfkdqlvp1
57Dv iru wkh lqwhuhvw uxoh/ zkdw uhdoo| pdwwhuv lv wkh hhfw ri frpshwlwlrq rq wkh g|qdplf
sduw ri zhoiduh= lq wklv prgho wkh fhqwudo edqn fdq gr qrwklqj wr dhfw wkh vwdwlf sduw
ri zhoiduh1 Lqghhg/ rxu uhvxowv duh txdolwdwlyho| lqyduldqw wr wkh yduldqfh ri wkh vkrfnv1
￿
￿
Qhyhuwkhohvv/ wkh uvw judskv vkrz wkh wrwdo hhfw ri frpshwlwlrq rq zhoiduh dv d khxulv0
wlf zd| ri yhuli|lqj wkdw/ iru d jlyhq vkrfn yduldqfh/ wrwdo zhoiduh pljkw ghwhulrudwh dv
frpshwlwlrq lqfuhdvhv1
Wkh ydoxhv lpsrvhg rq wkh sdudphwhuv lq rxu qxphulfdo h{huflvhv duh  @ 3=<<> q @ 3=8/
 @ 3=8 dqg $ @ 3=8 +xqohvv vwdwhg rwkhuzlvh,1 Wkhvh ydoxhv duh qrw fdoleudwhg rq dq|
h{lvwlqj hfrqrp|1 Lqvwhdg wkh| duh zlwklq udqjhv wkdw fdq eh irxqg lq wkh h{lvwlqj uhodwhg
olwhudwxuh1 Jlyhq wkh sxusrvh ri rxu h{huflvh wklv lv doo zh qhhg1 Wkhvh ydoxhv lpso| wkdw
zh frqvlghu d xqlrq pdgh xs ri wzr htxdoo| vl}hg frxqwulhv1 Zh dovr lpsrvh wkdw wkh
xqghuo|lqj surgxfwlylw| vkrfnv wdnh wkh irup a D





￿ zlwk   Q +3> 4,1
￿
￿
914 Ghjuhh ri frpshwlwlrq dqg zhoiduh xqghu wkh rswlpdo uxoh
Wkh uvw vhw ri gldjudpv +jxuh +5, wr jxuh +7,, ghvfulehv wkh vhqvlwlylw| ri rxu phdvxuh
ri zhoiduh wr wkh ghjuhh ri frpshwlwlrq dqg wr wkh hodvwlflw| ri wkh pdujlqdo frvw ixqfwlrq
lq d v|pphwulf prqhwdu| xqlrq1
Dq lqwhuhvwlqj uhvxow ri rxu vwxg| lv wkdw frpshwlwlrq fdq eh edg iru zhoiduh li sulfhv
duh qrw  h{leoh hqrxjk1 Rqh fdq hdvlo| vhh zk| wklv lv wkh fdvh e| dvvxplqj wkdw wkh
uhjlrqdo jryhuqphqwv vxevlglvh upv wr rvhw wkh prqrsrolvwlf glvwruwlrq1 Lq wklv fdvh/
￿
￿
Reylrxvo| wkh| ydu| txdqwlwdwlyho| = zlwk }hur yduldqfh wkhuh lv qrwklqj wkh fhqwudo edqn qhhgv wr
frxqwhu1 Wkh jds ehwzhhq wrwdo zhoiduh xqghu wkh rswlpdo uxoh dqg wrwdo zhoiduh xqghu d vxerswlpdo uxoh
whqgv wr }hur dv wkh yduldqfh vkulqnv1
￿
￿








grhv qrw dowhu rxu uhvxowv1
58pruh frpshwlwlrq lqgxfhv pruh rxwsxw glvshuvlrq +kljkhu zhljkwv lq wkh orvv ixqfwlrq,
dv zhoo dv pruh yrodwlolw| lq wkh yduldeohv wkdw pdwwhu iru zhoiduh1 Wkdw lv/ frpshwlwlrq
rshudwhv rqo| wkurxjk wkh zhljkwv hhfw dqg wkh yrodwlolw| hhfw1 Qhyhuwkhohvv/ rxu
qxphulfdo h{huflvh vkrzv wkdw frpshwlwlrq lv edg iru zhoiduh dovr zkhq zh wdnh dffrxqw ri
wkh ghdgzhljkw orvv surgxfhg e| lpshuihfw frpshwlwlrq1
Doorzlqj iru dq lqh!flhqw vwhdg|0vwdwh ohyho ri rxwsxw grhv qrw fkdqjh wkh orqj0uxq
g|qdplfv ri wkh orj0ghyldwlrq ri rxwsxw/ lq dwlrq ru wkh whupv ri wudgh lq wkh uvw0rughu ds0
sur{lpdwlrq ri wkh prgho1 Qhyhuwkhohvv/ zkhq wkh vwhdg|0vwdwh lv lqh!flhqw/ wkh uvw rughu0
dssur{lpdwlrq wr wkh vwuxfwxudo htxdwlrqv lv lqdssursuldwh wr hydoxdwh d vhfrqg0rughu ds0
sur{lpdwlrq wr wkh zhoiduh ixqfwlrq1 Lq sulqflsoh dqg xqghu wkhvh flufxpvwdqfhv/ lw zrxog
eh zurqj wr frpsduh rxwfrphv edvhg rq glhuhqw dvvxpswlrqv uhjduglqj wkh vwhdg|0vwdwh
ghjuhh ri frpshwlwlrq1 D vhfrqg0rughu dssur{lpdwlrq wr wkh vwuxfwxudo htxdwlrqv zrxog
holplqdwh wklv lqfrqyhqlhqfh1 Krzhyhu/ ghulylqj wkh rswlpdo srolf| iurp wkh vhfrqg0rughu
dssur{lpdwlrq wr wkh vwuxfwxudo htxdwlrq zrxog eh yhu| lqyroyhg dojheudlfdoo|1 Frqyhuvho|/
hydoxdwlqj zhoiduh xqghu wkh Wd|oru uxoh dqg d vhfrqg0rughu dssur{lpdwlrq ri wkh prgho
lv h{wuhpho| vlpsoh1 Khqfh zh orrn rqo| dw wkh txdgudwlf vroxwlrq iru wklv fdvh1 Udwkhu
wkdq jrlqj wkurxjk wkh zkroh dojheudlf vroxwlrq/ lw vkrxog vx!fh wr qrwh wkdw wkh rqo|
whup/ lq wkh zhoiduh ixqfwlrq/ dhfwhg e| wkh vhfrqg rughu dssur{lpdwlrq zrxog eh wkh
phdq ri wkh rxwsxw jds1 Iljxuh +4, vkrzv krz wkh phdq ri wkh rxwsxw jds fkdqjhv zlwk
wkh ghjuhh ri frpshwlwlrq dqg zlwk wkh frpshwlwlrq jds ehwzhhq frxqwulhv1 Wkh jxuh
lv gudzq xqghu wkh dvvxpswlrq wkdw $ @ 3=8 dqg  @ 4=81 D vlplodu sdwwhuq lv rewdlqhg
zlwk $ @ 3=334 dqg zlwk  ? 41 D kljkhu ghjuhh ri frpshwlwlrq uhgxfhv wkh phdq rxwsxw
59jds1 Wkh xqghuo|lqj prgho lv qrq0olqhdu/ khqfh wkh phdq ri wkh yduldeohv lv/ lq sulqflsoh/
dhfwhg e| wkh yduldqfh/ zklfk lv lq wxuq dhfwhg e| wkh ghjuhh ri frpshwlwlrq1 Wkh vdph
fdq eh vdlg ri wkh frpshwlwlrq jds1 Zkloh wklv lv wuxh xqghu wkh Wd|oru uxoh/ zh fdq rqo|
frqmhfwxuh wkdw d vlplodu uhvxow zrxog eh eruqh rxw xqghu wkh rswlpdo uxoh1 Doo wkh uhvxowv




Lqvshfwlrq ri htxdwlrq +55, dovr vkrzv wkdw/ xqghu dq lqh!flhqw vwhdg|0vwdwh/ wkh zho0
iduh ixqfwlrq lv dxjphqwhg e| d whup wkdw phdvxuhv wkh pdujlqdo glvxwlolw| ri frqvxpswlrq
yrodwlolw|1 Wklv whup frqwulexwhv qhjdwlyho| wr zhoiduh rqo| li frqvxphuv duh yhu| ulvn0dyhuvh
+ A 4,1 Wkh uhdvrq iru  @ 4 wr eh d wkuhvkrog ydoxh lv wkdw yrodwlolw| ri wkh orj gh0
yldwlrq ri frqvxpswlrq frqwulexwhv rqh0wr0rqh wr wkh phdq ri frqvxpswlrq/ rq wkh rqh
kdqg dqg lw frqwulexwhv qhjdwlyho|/ lq sursruwlrq wr / wr wkh yrodwlolw| ri frqvxpswlrq
rq wkh rwkhu1 Wkhuhiruh/ xqghu dq lqh!flhqw vwhdg|0vwdwh/ d kljkhu phdq ri frqvxpswlrq
lpsuryhv zhoiduh1 Rqo| zkhq  A 4 grhv wkh yrodwlolw| hhfw rxwzhljk wkh phdq hhfw1
￿
￿
Iljxuh +5, vkrzv wkh zhoiduh ixqfwlrq sorwwhg djdlqvw wkh ghjuhh ri frpshwlwlrq dqg
wkh uhwxuqv wr oderxu lq d v|pphwulf hfrqrp| xqghu wkh rswlpdo uxoh zlwk doprvw sulfh











Zhoiduh lqfuhdvhv lq frpshwlwlrq iru dq| ydoxh ri
 zkhq  A 41 Wkh pruh glvwruwlrq wkhuh lv lq wkh pdunhw/ wkh pruh zhljkw lv dwwdfkhg
￿
￿
Wr vroyh wkh prgho lq lwv vhfrqg0rughu dssur{lpdwlrq zh kdg wr xvh sulfh htxdwlrqv udwkhu wkdq wkh
Skloolsv fxuyh1 Xqghu wkh Wd|oru uxoh/ sulfhv kdyh d xqlw urrw vr wkdw wkh xqfrqglwlrqdo prphqwv fdq qrw
eh frpsxwhg1 Zh wkhuhiruh lpsrvhg dq lqqlwhvlpdo ghjuhh ri sulfh ohyho wdujhwlqj lq wkh lqwhuhvw udwh uxoh







Lw vkrxog eh qrwhg wkdw wkh kljkhu lv j +wkh pruh frqfdyh wkh xwlolw| ixqfwlrq,/ wkh ohvv dffxudwh wkh




Wkh pdunhg olqhv lq wkh judskv duh wkh frqwrxuv ri wkh sorwv1
5:wr wkh phdq dqg yduldqfh ri frqvxpswlrq1 Kljk ulvn dyhuvlrq phdqv wkdw wkh yduldqfh
hhfw pruh wkdq rvhwv wkh phdq hhfw1 Wklv hhfw lv pdjqlhg dw orz uhwxuqv wr oderxu
ehfdxvh dw orz uhwxuqv wkh ghjuhh ri frpshwlwlrq surgxfhv d vwurqjhu yrodwlolw| hhfw1
^Iljxuh +5, khuh`
D vlplodu slfwxuh lv surgxfhg zkhq zh doorz iru d frpshwlwlrq jds ehwzhhq wkh wzr
frxqwulhv1 Wkh Wd|oru uxoh dovr surgxfhv wklv sdwwhuq/ dowkrxjk dw d orzhu zhoiduh ohyho1
^Iljxuh +6, khuh`
D ghjuhh ri ulvn dyhuvlrq vpdoohu wkdq rqh |lhogv jxuh +6,1 Lq wklv fdvh wkh eljjhu wkh
prqrsrolvwlf glvwruwlrq/ wkh ehwwhu rxwsxw yrodwlolw| lv iru zhoiduh1 Wkh slfwxuh dovr vkrzv
wkdw wkh uhwxuqv wr oderxu kdyh khuh d sduwldoo| r0vhwwlqj hhfw1
Li zh lqfuhdvh wkh ghjuhh ri qrplqdo uljlglw| wr $ @ =4 +l1h1 <3( ri wkh upv dgmxvw
wkhlu sulfh lq hdfk shulrg,/ zh rewdlq jxuh +7,1 Wklv fohduo| vkrzv wkdw d vpdoo ghjuhh ri
qrplqdo uljlglw| lv vx!flhqw wr lqgxfh d qhjdwlyh uhodwlrqvkls ehwzhhq zhoiduh dqg frp0
shwlwlrq1 Wkh g|qdplf hhfwv ri frpshwlwlrq rq zhoiduh +yrodwlolw| hhfw dqg zhljkwv




Zh kdyh fodlphg deryh wkdw/ zlwk dq xszdug vorslqj pdujlqdo frvw fxuyh/ wkhuh lv d
vwurqjhu yrodwlolw| hhfw ri frpshwlwlrq1 Wkh vrxufh ri wklv hhfw fdq eh vhhq e| lqvshfwlqj
wkh Skloolsv fxuyh +htxdwlrq +4<,,1 Wkh hodvwlflw| ri wkh pdujlqdo frvw dqg wkh hodvwlflw|
ri ghpdqg hqwhu v|pphwulfdoo| lq wkh Skloolsv fxuyh1 Lqfuhdvlqj hlwkhu ri wkhvh hodvwlflwlhv
lqfuhdvhv wkh uhdo uljlglw| ri sulfhv +Nlpedoo +4<<8,, dqg uhgxfhv wkh uhvsrqvh ri lq dwlrq
￿
￿








lv htxdo wr kdoi wkh dyhudjh hodvwlflw|1
5;wr wkh rxwsxw jds1 Dw wkh vdph wlph/ pruh uhdo uljlglw| phdqv wkdw sulfhv uhvsrqg olwwoh
wr prqhwdu| srolf| zkloh rxwsxw/ frqvhtxhqwo|/ uhvsrqgv pruh1 Iljxuh +8, vkrzv wkdw
wkh yduldqfh ri lq dwlrq ghfuhdvhv lq wkh ghjuhh ri frpshwlwlrq zkloh wkh yduldqfh ri




Wkh yduldqfh ri wkh whupv ri wudgh lqfuhdvhv lq frpshwlwlrq1
Lqfuhdvlqj wkh ghjuhh ri qrplqdo uljlglw| uhlqirufhv wkh hhfw ri wkh uhdo uljlglw| ri
sulfhv1 Iljxuh +9, vkrzv wkh qhw hhfw ri frpshwlwlrq rq wkh vxp ri wkh yrodwlolw| ri lq d0
wlrq/ ri wkh rxwsxw jds dqg ri wkh whupv ri wudgh xqghu wkh Wd|oru uxoh zkhq wkh dyhudjh
ohqjwk ri sulfh frqwudfwv lv wzr shulrgv +d vlplodu slfwxuh rewdlqv xqghu wkh rswlpdo uxoh,1
Rqh fdq vhh wkdw wkh dyhudjh yrodwlolw| hhfw lv lqfuhdvlqj lq wkh ghjuhh ri frpshwlwlrq1
^Iljxuh +8, khuh`
^Iljxuh +9, khuh`
915 Frpshwlwlrq/ qrplqdo uljlglw| dqg zhoiduh
Wkh zhoiduh frvw ri sulfh glvshuvlrq lv gxh/ lq wklv prgho/ wr wkh suhvhqfh ri sulfh vwdjjhu0
lqj1 D kljkhu ghjuhh ri frpshwlwlrq lqfuhdvhv wklv frvw1 \hw pdq| zrxog dujxh wkdw wkh
iuhtxhqf| ri sulfh dgmxvwphqwv dqg wkh ghjuhh ri frpshwlwlrq vkrxog eh olqnhg1 Wklv lv
qrw qhfhvvdulo| wkh fdvh1 Dv zh vkrz lq dqrwkhu fxuuhqw sdshu/ zdjh vwlfnlqhvv fdq eulqj
derxw sulfh vwdjjhulqj hyhq zkhq upv xsgdwh wkhlu sulfhv hyhu| shulrg1 Qhyhuwkhohvv zh
vkrz lq wklv vhfwlrq wkh srvvleoh zhoiduh hhfw ri d olqn ehwzhhq wkh ghjuhh ri frpshwlwlrq
￿
￿
Iljxuh +8, vkrzv wkh uhvsrqvh xqghu wkh Wd|oru uxoh1 Wkh rswlpdo uxoh lv h{wuhpho| hhfwlyh lq d
v|pphwulf xqlrq lq frqwuroolqj lq dwlrq dqg rxwsxw jds yrodwlolw| vr wkdw wkh hhfw ri frpshwlwlrq lv
kdugo| ghwhfwdeoh1 Wkh whupv ri wudgh duh lqvwhdg lqvxodwhg iurp wkh prqhwdu| srolf|1
5<dqg wkh iuhtxhqf| ri sulfh dgmxvwphqwv1
Lq jxuh +:, zh vkrz wkh uhodwlrqvkls ehwzhhq frpshwlwlrq dqg zhoiduh xqghu ydulrxv
ghjuhhv ri qrplqdo uljlglw| lq d v|pphwulf xqlrq iru  @ 3=5 dqg  @ 4=81 Wkh jxuh
vkrzv wkh wrwdo zhoiduh dqg wkh fkdqjh lq zhoiduh1 Wkh wzr gldjudpv duh doprvw lghqwlfdo/
vxjjhvwlqj wkdw wkh vwdwlf hhfw ri frpshwlwlrq sod|v d plqru uroh1 Rqh fdq vhh wkdw
pruh frpshwlwlrq lv edg xqghu dq| ghjuhh ri qrplqdo uljlglw|1 Wkhuh lv lqvwhdg d qrq0
prqrwrqlf uhodwlrqvkls ehwzhhq zhoiduh dqg qrplqdo uljlglw|1 Wkh odwwhu lv edg iru zhoiduh
xs wr d srlqw zkhuh pruh uljlglw| lv lqghhg jrrg1 D sodxvleoh udwlrqdoh iru wklv uhvxow lv
wkdw wkh delolw| ri wkh fhqwudo edqn wr frqwuro wkh hfrqrp| xqghu doprvw {hg sulfhv doorzv
wkh prqhwdu| dxwkrulw| wr uhdfk kljkhu ohyhov ri vwdelolw| ghvslwh wkh rxwsxw glvshuvlrq
glvwruwlrq wkdw wkh uljlglw| eulqjv derxw1
Dq lqwhuhvwlqj ihdwxuh ri jxuh +:, lv wkdw lw lqglfdwhv wkh lpsolfdwlrq ri dvvxplqj wkdw
wkh ghjuhh ri qrplqdo uljlglw| lv d +h1j1 ghfuhdvlqj, ixqfwlrq ri wkh ghjuhh ri frpshwlwlrq1
Li zh uhdg wkh jxuh dorqj d gldjrqdo vhjphqw iurp ohiw wr uljkw/ zh vhh wkdw zhoiduh zrxog
lqfuhdvh lq frpshwlwlrq rqo| xqghu d yhu| vwhhs uhodwlrqvkls ehwzhhq qrplqdo uljlglw|
dqg frpshwlwlrq1 Zkloh zh eholhyh wkdw qrplqdo uljlglw| dqg ghjuhh ri frpshwlwlrq vkrxog





Zkloh wkh Wd|oru uxoh surgxfhv d vlplodu sdwwhuq +qrw vkrzq,/ wkh shuirupdqfh ri wkh
￿
￿
Fduowrq +4<;9, vkrzv vrph hpslulfdo hylghqfh ri d qhjdwlyh uhodwlrqvkls ehwzhhq wkh ghjuhh ri frpsh0
wlwlrq dqg sulfh uljlglw|1 Kh dovr vkrzv wkdw frpshwlwlrq dqg uhdo uljlglw| vhhp wr eh srvlwlyho| olqnhg1
Lq d vwxg| fxuuhqwo| lq surjuhvv zh ghulyh sulfh vwdjjhulqj sxuho| iurp zdjh uljlglw| vr wkdw lpshuihfw
frpshwlwlrq dqg sulfh uljlglw| duh wrwdoo| lqghshqghqw1
63odwwhu uhodwlyh wr wkh rswlpdo uxoh lv qrq0prqrwrqlf lq wkh qrplqdo uljlglw|1 Wkh Wd|oru
uxoh shuirupv zruvw xqghu lqwhuphgldwh ghjuhhv ri qrplqdo uljlglw|1 Wkh wzr uxohv frqyhujh




916 Wkh dv|pphwulf fxuuhqf| duhd
Zh wxuq qrz wr wkh fhqwudo lvvxh lq wklv sdshu/ l1h1 wkh hhfwv ri frpshwlwlrq dqg frpsh0
wlwlrq glhuhqfhv dfurvv frxqwulhv rq wkh rswlpdo lqwhuhvw uxoh1 Lq wkh iroorzlqj zh zloo
dvvxph wkdw  @ 3=5/  @ 4=8 dqg $ @ 3=81 Wkh vwxg| ri wkh ehvw lqwhuhvw uxoh fdq devwudfw
iurp wkh vwhdg|0vwdwh ohyho ri zhoiduh/ vlqfh wkh odwwhu lv lqghshqghqw ri wkh iruphu1
Iljxuh +;, vkrzv wkdw zhoiduh lqfuhdvhv lq wkh frpshwlwlrq jds zkhq wkh prqhwdu|
dxwkrulw| lpsohphqwv wkh rswlpdo srolf|1
￿
￿
Wr xqghuvwdqg wklv uhvxow zh kdyh wr uhihu wr
htxdwlrq +54,1 Wkh whupv ri wudgh fdqqrw eh frqwuroohg e| wkh fhqwudo edqn zkhq wkh xqlrq
lv v|pphwulf1 Lqghhg/ sorwwlqj wkh yduldqfh ri wkh whupv ri wudgh djdlqvw wkh frpshwlwlrq
jds vkrzv wkdw wkh iruphu ghfuhdvhv lq wkh odwwhu1
^Iljxuh +;, khuh`
D fhqwudo edqn wkdw wdujhwv wkh dyhudjh lq dwlrq udwh dfurvv wkh xqlrq/ h1j1 iroorzlqj d
Wd|oru uxoh/ fdqqrw gr dv zhoo dv wkh rswlplvlqj fhqwudo edqn1 Wkh +devroxwh, shuirupdqfh




wkh ghjuhh ri vxe0rswlpdolw| ri wkh Wd|oru uxoh lqfuhdvhv lq wkh frpshwlwlrq jds/ dv jxuh
￿
￿




Lq wkh judsk wkh jds jrhv xs wr wkh vl}h ri wkh dyhudjh hodvwlflw|1
￿
￿




Wkh olqn ehwzhhq wkh whupv ri wudgh dqg rxwsxw vwloo h{lvwv xqghu wkh Wd|oru
uxoh/ vr wkdw frqwuroolqj rxwsxw kdv vrph ihhgedfn rq wkh whupv ri wudgh1 Qhyhuwkhohvv/
wkh dyhudjh lq dwlrq udwh lv fohduo| wkh zurqj wdujhw/ dqg wkh pruh vr wkh juhdwhu wkh
dv|pphwu| ri wkh xqlrq= khqfh wkh uhvxow lq jxuh +<,1
^Iljxuh +<, khuh`
Rxu uhvxowv vr idu vkrz wkdw frpshwlwlrq frxog eh ghwulphqwdo iru zhoiduh/ dqg lw lv
fhuwdlqo| vr li rqh devwudfwv iurp wkh vwhdg|0vwdwh lqh!flhqf|1 Lq wklv uhvshfw/ zh rxjkw
wr h{shfw wkh fhqwudo edqn wr uhvsrqg pruh djjuhvvlyho| wr wkh lq dwlrq frqwulexwlrq ri
wkh pruh frpshwlwlyh hfrqrp|1 Lq jxuh +43, wkh uhodwlyh shuirupdqfh ri wkh Wd|oru uxoh
lv sorwwhg djdlqvw wkh frpshwlwlrq jds dqg wkh zhljkw dwwdfkhg wr frxqwu| K +
￿
, xqghu
wkh dvvxpswlrq wkdw %
￿
@ 431 Wkh jxuh vkrzv wkdw wkh rswlpdo  
￿
ghfuhdvhv lq wkh
jds ehwzhhq wkh ghjuhh ri frpshwlwlrq lq frxqwu| I dqg frxqwu| K1




uhvxow ri jxuh +43, lv wkhq wdqwdprxqw wr sursrvlwlrq < lq Ehqljqr +5333,= wkh frxqwu|
zlwk pruh shuvlvwhqfh +qrplqdo uljlglw| lq Ehqljqr +5333,, vkrxog eh jlyhq d kljkhu zhljkw1
Krzhyhu/ wkh vrxufh ri shuvlvwhqfh lq Ehqljqr*v sdshu glhu iurp wkdw vkrzq lq rxuv1
Pruhryhu/ li rqh zhuh wr dvvxph wkdw kljkhu frpshwlwlrq lpsolhv orzhu qrplqdo uljlglw|/
wkh wzr uhvxowv zrxog srlqw dw srwhqwldoo| rssrvhg suhvvxuhv rq wkh prqhwdu| dxwkrulw|1




Lq uhdglqj wkh jxuhv uhsruwlqj udwlrv ri zhoiduh fkdqjhv/ lw vkrxog eh eruqh lq plqg wkdw fkdqjhv duh
qhjdwlyh= d udwlr eljjhu wkdq rqh lqglfdwhv d odujhu uhgxfwlrq lq zhoiduh xqghu wkh Wd|oru uxoh1
￿
￿
Jlyhq wkh odujh qxpehu ri judskv douhdg| vkrzq/ zh uhiudlq iurp glvsod|lqj wklv uhvxow1 Wklv uhvxow lv
glvfxvvhg lq Nlpedoo +4<<8, dv zhoo dv lq Orpedugr +5334, lq d vlplodu g|qdplf prgho1
65Rxu fdofxodwlrqv dovr vkrz wkdw wkh rswlpdo zhljkw dwwdfkhg wr wkh ryhudoo lq dwlrq
udwh lq wkh Wd|oru uxoh +
￿ , lv qrw 4=8 exw d pxfk kljkhu ydoxh1 Wklv ydoxh ghshqgv rq
wkh ghjuhh ri v|pphwu| lq wkh xqlrq1 Zkhq wkh xqlrq lv qrw yhu| v|pphwulf +dqg htxdo
zhljkwv duh dwwdfkhg wr hdfk frxqwu|,/ lw lv ehwwhu qrw wr uhdfw wrr vwurqjo| wr lq dwlrq/ dv
rssrvhg wkh vlwxdwlrq lq d pruh v|pphwulf xqlrq1 Lq dq dv|pphwulf xqlrq wkh srsxodwlrq0
zhljkwhg dyhudjh ri wkh lq dwlrq udwh lv d srru lqglfdwru ri wkh uhohydqw lq dwlrq1
Ilqdoo|/ zh qg wkdw wkh rswlpdo lq dwlrq0zhljkw iru wkh ohvv frpshwlwlyh frxqwu|
ghfuhdvhv lq wkh zhljkw dwwdfkhg wr rxwsxw1 Frqvhtxhqwo|/ lq wkh olplw/ d }hur zhljkw vkrxog
eh dwwdfkhg wr wkh ohvv frpshwlwlyh frxqwu|*v lq dwlrq dqg dq lqqlwh zhljkw vkrxog eh
dwwdfkhg wr wkh rxwsxw jds1 Vxfk dq h{wuhph ihhgedfn uxoh zrxog qrw dhfw wkh ihdvlelolw|
ri wkh uxoh lq whupv ri wkh }hur erxqg sureohp/ vlqfh wkh yduldqfh ri wkh qrplqdo lqwhuhvw
udwh zrxog dovr eh vpdoohu1
￿
￿
Dv lq Urwhpehuj dqg Zrrgirug +4<<;, qhjdwlyh ydoxhv iru wkh
zhljkwv ri wkh Wd|oru uxoh rq wkh rxwsxw jds dqg lq dwlrq fdq lqfuhdvh zhoiduh1 Frqwudu|
wr wkh uhvxow ri wkhvh dxwkruv/ xqghu rxu dvvxpswlrq lqqlwh zhljkwv rq lq dwlrq dqg wkh
rxwsxw jds eulqj wkh Wd|oru shuirupdqfh forvh wr wkdw ri wkh rswlpdo uxoh1
￿
￿
917 Vkrfnv wr wkh uxoh
Khuh zh eulh | glvfxvv wkh rswlpdo zhljkwv iru wkh Wd|oru uxoh/ zkhq wkh uxoh lv dxj0
phqwhg e| d udqgrp vkrfn1 Zh dvvxph wkdw wkh vkrfn iroorzv dq DU+4, surfhvv zlwk
￿
￿
Urwhpehuj dqg Zrrgirug +4<<;, dqg Zrrgirug +4<<<e, glvfxvv wkh orzhu0erxqg sureohp lq ghwdlo1
Zrrgirug +4<<<e, dovr vkrzv wkdw h{whqglqj wkh remhfwlyh ri wkh fhqwudo edqn zlwk dq lqwhuhvw vprrwklqj
jrdo fdq khos wr dyrlg wkh orzhu erxqg1 Zh kdyh dyrlghg wklv lvvxh dowrjhwkhu1 Frqvhtxhqwo|/ zh kdyh dovr
qhjohfwhg wkh srvvlelolw| ri dq lqwhuhvw udwh ihhgedfn lq wkh Wd|oru uxoh1
￿
￿
Dv lq Urwhpehuj dqg Zrrgirug/ wkhuh lv dq duhd ri lqghwhuplqdf| ehwzhhq wkh wzr h{wuhphv1 Ydoxhv
lq wkdw duhd fdq eulqj derxw lqvwdelolw| wkurxjk vxqvsrwv1
66dxwrfruuhodwlrq frh!flhqw htxdo 3=81
D sxuh lqwhuhvw udwh vkrfn lv d v|pphwulf vkrfn wr wkh wzr hfrqrplhv1 Qhyhuwkhohvv/
hdfk hfrqrp| uhvsrqgv lq d glhuhqw zd|/ ghshqglqj rq lwv vwuxfwxuh1 Li wkh xqlrq lv
krprjhqhrxv/ wkh uhvsrqvh ri hdfk frxqwu|*v lq dwlrq frqwulexwlrq zloo eh lghqwlfdo/ khqfh
dq| zhljkw rq wkhvh frqwulexwlrqv zloo vx!fh1 Li/ lqvwhdg/ wkh wzr hfrqrplhv kdyh glhuhqw
ghjuhhv ri frpshwlwlrq/ wkh qrplqdo vkrfn zloo lqgxfh glhuhqw uhvsrqvhv ri sulfhv dqg
rxwsxw1 Lq wklv fdvh wkh ehvw uhvsrqvh ri wkh fhqwudo edqn zrxog eh wr uhdfw pruh vwurqjo|
wr wkh lq dwlrq ruljlqdwlqj lq wkh pruh frpshwlwlyh hfrqrp|/ dv vkrzq jxuh +44,1
￿
￿
Frqwudu| wr wkh fdvh lqyroylqj surgxfwlylw| vkrfnv/ xqghu lqwhuhvw udwh vkrfnv wkh rswlpdo
+Wd|oru0uxoh, uhvsrqvh grhv qrw lqyroyh d frqyh{0frpelqdwlrq ri wkh lq dwlrq frqwulexwlrqv1
Lqvwhdg/ wkh zhljkw rq wkh pruh frpshwlwlyh frxqwu| vkrxog h{fhhg xqlw|/ zkloh wkh ohvv
frpshwlwlyh frxqwu| vkrxog uhfhlyh d qhjdwlyh zhljkw1
￿
￿
Xqghu lglrv|qfudwlf vkrfnv/ wkh dv|pphwu| lq wkh rswlpdo zhljkwv lv mxvwlhg e| wkh
dv|pphwu| lq frpshwlwlrq1 Qhyhuwkhohvv/ wkh fhqwudo edqn vwloo qhhgv wr frxqwhu wkh
frxqwu|0vshflf vkrfnv1 Wklv frqvwudlqw lv devhqw xqghu wkh frpprq lqwhuhvw udwh vkrfn1
^Iljxuh +44, khuh`
Li wklv uhvxow lv wdnhq olwhudoo|/ lw zrxog srvh d sureohp iru wkh irupxodwlrq ri dq
rswlpdo lqwhuhvw uxoh= zkdw lv rswlpdo xqghu lqwhuhvw udwh vkrfnv lv qrw qhfhvvdulo|
rswlpdo xqghu whfkqrorj| vkrfnv1 Qhyhuwkhohvv/ li wkh uhvxow lv wdnhq dv dq lqglfdwlrq ri
wkh gluhfwlrq zklfk wkh fhqwudo edqn vkrxog wdnh/ lw vxjjhvwv wkdw wkh fhqwudo edqn vkrxog
dgrsw d pruh dfwlyh uhvsrqvh wr wkh lq dwlrq ruljlqdwlqj lq wkh pruh frpshwlwlyh hfrqrp|1
￿
￿
Wkh jxuh lv rewdlqhg xqghu j ' D/ l ' fD dqg / ' fD1
￿
￿
Zhljkwv vwloo dgg xs wr rqh1 Wkh zhljkw rq wrwdo lq dwlrq lv nhsw frqvwdqw dw D1
67: Frqfoxvlrqv
Lq wklv sdshu zh kdyh vwxglhg wkh uhodwlrqvkls ehwzhhq zhoiduh/ prqhwdu| srolf| dqg
frpshwlwlrq lq d fxuuhqf| xqlrq zkhuh wkhuh pljkw eh glhuhqw ghjuhhv ri frpshwlwlrq
dprqj wkh grphvwlf upv ri wkh lqglylgxdo phpehuv1
Zh kdyh kljkoljkwhg wkuhh fkdqqhov wkurxjk zklfk wkh ghjuhh ri frpshwlwlrq fdq dhfw
zhoiduh lq wklv hfrqrp|1 Wkh uvw lv wkh wudglwlrqdo ghdgzhljkw orvv ri lpshuihfw frpshwl0
wlrq1 Wkh vhfrqg lv gxh wr wkh lqh!flhqw glvshuvlrq ri rxwsxw dfurvv upv/ zkloh wkh wklug
lv gxh wr wkh uhdo uljlglw| hhfw ri frpshwlwlrq1
D nh| uhvxow ri wklv sdshu lv wkdw/ iru d jlyhq vwhdg|0vwdwh ohyho ri zhoiduh/ frpshwlwlrq
+fxp vwlfn| sulfhv, lv ghwulphqwdo iru zhoiduh1 Xqghu d vx!flhqwo| yrodwloh hfrqrp| dqg
vx!flhqwo| vwlfn| sulfhv/ wrwdo zhoiduh pljkw eh kljkhu xqghu orzhu frpshwlwlrq1 Dv iru wkh
prqhwdu| dxwkrulw|/ wkh vwhdg|0vwdwh frqvhtxhqfhv ri wkh prqrsrolvwlf glvwruwlrq fdqqrw
eh dhfwhg e| lwv lqvwuxphqw1 Dv d frqvhtxhqfh/ wkh fhqwudo edqn qgv lw rswlpdo wr
frxqwhu pruh djjuhvvlyho| wkh lq dwlrqdu| suhvvxuh vwhpplqj iurp wkh pruh frpshwlwlyh
frxqwu|1
Rxu uhvxowv fdq eh frpsduhg zlwk wkrvh rewdlqhg e| Ehqljqr +5333,1 Ehqljqr*v suh0
vfulswlrq iru wkh prqhwdu| dxwkrulw| lv wkdw lw vkrxog uhdfw pruh djjuhvvlyho| wr wkh frxqwu|
zlwk pruh qrplqdo uljlglw|/ l1h1 wkh pruh voxjjlvk hfrqrp|1 Lq rxu prgho wkh pruh frp0
shwlwlyh hfrqrp| wxuqv rxw wr eh dovr wkh pruh voxjjlvk rqh1 Khqfh/ Ehqljqr*v suhvfulswlrq
lv vlplodu wr rxuv/ dowkrxjk iru glhuhqw uhdvrqv1 Ixuwkhupruh/ li wkh qrplqdo uljlglw| ri
sulfhv lv wkrxjkw ri dv qhjdwlyho| olqnhg wr wkh ghjuhh ri frpshwlwlrq/ rxu sdshu vkrzv wkdw
wkh fhqwudo edqn zrxog eh idfhg zlwk wzr rssrvlqj idfwruv1 Wkhuh lv qrwklqj wr suhyhqw
68wkdw wkh fhqwudo edqn/ rq edodqfh/ zloo vwloo qg lw rswlpdo wr uhdfw v|pphwulfdoo| wr wkh
glhuhqw phpehuv ri wkh xqlrq1
Txdqwli|lqj wkh vwuxfwxudo glhuhqfhv dprqj frxqwulhv +ru uhjlrqv, lq d prqhwdu| xqlrq
dqg wkhlu zhoiduh lpsolfdwlrqv wkhuhiruh uhpdlqv dq hpslulfdo lvvxh1 Li lw wxuqv rxw wkdw
wkh phpehuv ri wkh xqlrq kdyh yhu| glhuhqw hfrqrplf vwuxfwxuhv/ rxu dqdo|vlv vxjjhvwv
wkdw d vlpsoh uxoh wkdw qhjohfwv wklv idfw zrxog shuirup srruo| frpsduhg wr d uxoh wkdw
wdnhv dffrxqw ri wkhvh glhuhqfhv1 Qhyhuwkhohvv/ zhoiduh frxog lqghhg eh odujhu/ wkh eljjhu
wkhvh glhuhqfhv duh/ hyhq xqghu d vxerswlpdo uxoh1
D Dsshqgl{
D14 Vwuxfwxudo htxdwlrqv xqghu vwlfn| sulfhv
Htxdwlrq +9, fohduo| lpsolhv wkdw wkh xqlrq0zlgh lq dwlrq udwh lv d vlpsoh zhljkwhg dyhudjh





. +4  q, 
￿
Xqghu Fdoyr frqwudfwv wkh grphvwlf sulfh lqgh{ dw wlph w lv d zhljkwhg vxp ri wkh

















/ iru m @ K> I dqg zkhuh
s
￿ lv ghqhg lq htxdwlrq +47,/ zkhuh zh kdyh rplwwhg wkh lqgh{ }/ vlqfh doo grphvwlf upv
uhvhwwlqj wkh sulfh zloo fkrrvh wkh vdph sulfh1 H{suhvvlqj wklv uhodwlrqvkls lq glhuhqfhv
￿
￿
Wkh h{dfw sulfh lqgh{ zrxog zhljk wkh ydulrxv sulfhv e| d idfwru ghshqglqj rq wkh ghjuhh ri vxe0
vwlwxwdelolw|/ dv htxdwlrq +7, vkrzv1 Qhyhuwkhohvv/ wkh uvw rughu orj olqhdul}dwlrq ri wklv sulfh zrxog eh
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Li zh glylgh htxdwlrq +5:, e| S
￿
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Zh fdq qrz ghulyh d Qhz0Nh|qhvldq Skloolsv fxuyh iurp wkh up*v rswlpdo sulfh
frqglwlrq +47,1 Zh uvw olqhdulvh wklv frqglwlrq durxqg wkh v|pphwulf vwhdg|0vwdwh/ l1h1
a s
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Qrwh wkdw wkh pdujlqdo frvw/ frqglwlrqdo rq sulfh s
￿ / fdq eh rewdlqhg iurp htxdwlrq






























































































￿  3 li l A x1
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@ +4  q, a W . a F
￿
+6:,
6<zkloh wkh wrwdo ghpdqg iru jrrgv surgxfhg lq frxqwu| I lv
a \
￿
@ q a W . a F
￿
+6;,
Zh fdq wkhq hdvlo| ghulyh htxdwlrqv +4<, dqg +53,1
E| xvlqj wkh idfw wkdw a W







￿ / zh fdq vxevwlwxwh wkh whupv ri wudgh jurzwk iru
wkh lq dwlrq glhuhqwldo lq +53,/ rewdlqlqj htxdwlrq +54,1
D15 Vhfrqg0rughu dssur{lpdwlrq wr wkh zhoiduh ixqfwlrq
Iroorzlqj Zrrgirug +4<<<d, zh wdnh d vhfrqg0rughu Wd|oru dssur{lpdwlrq ri wkh krxvh0
krogv* xwlolw| ixqfwlrq durxqg wkh v|pphwulf htxloleulxp1 Iru wklv sxusrvh zh gr qrw wdnh
dffrxqw ri wkh zhoiduh ghulylqj iurp kroglqj uhdo prqh| edodqfhv1
D Wd|oru dssur{lpdwlrq zloo jlyh d vhfrqg rughu sro|qrpldo lq ghyldwlrqv ri wkh ydul0
deohv iurp wkh v|pphwulf htxloleulxp1 Z h wkhq wdnh vhfrqg0rughu srzhu h{sdqvlrqv ri


































Wkhuhiruh d vhfrqg rughu dssur{lpdwlrq ri X +F, |lhogv




















Zh dvvxph wkdw yduldeohv duh orj0qrupdoo| glvwulexwhg1 Xqghu wklv dvvxpswlrq/ wkh phdq ri d yduldeoh/






lv wkh dssur{lpdwlrq huuru ri rughu eljjhu wkdq 51 Wklv htxdwlrq lv
lghqwlfdo iru erwk frxqwulhv/ vlqfh wkh frqvxpswlrq0xwlolw| ixqfwlrq lv lqghshqghqw ri wkh
ghjuhh ri frpshwlwlrq dqg vlqfh zh kdyh dvvxphg ixoo frqvxpswlrq ulvn0vkdulqj1
Dv iru wkh zrun hruw ixqfwlrq/ zh vroyh wkh fdvh iru frxqwu| K/ vlqfh wkh dssur{lpdwlrq
iru frxqwu| I lv lghqwlfdo1 Zh uvw ghqh d uhgxfhg irup ixqfwlrq wkdw pdsv rxwsxw lqwr








/ wkhq wkh vhfrqg0rughu dssur{lpdwlrq |lhogv
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zh fdq uhzulwh +73, dv
￿
￿






















Ohw xv qrz ghqh wkh h{shfwdwlrq rshudwru dqg wkh yduldqfh rshudwru xqghu wkh Fdoyr









￿ +}, g} dqg ydu
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1 Wkhq/ lqwhjudwlqj +74, ryhu doo wkh ydulhw| ri jrrgv surgxfhg e| wkh grphvwlf
￿
￿
Qrwh wkdw x phdvxuhv wkh ghjuhh ri h!flhqf| ri rxu hfrqrp|1 Zkhq x 	 c wkh pdujlqdo frvw ri
surgxflqj rqh xqlw ri rxwsxw iru wkh krxvhkrog lv vpdoohu wkdq wkh pdujlqdo ehqhw ri frqvxplqj wkdw
xqlw1 Wkh krxvhkrog zrxog eh ehwwhu r zlwk pruh rxwsxw1 Wkh suhvhqfh ri lpshuihfw frpshwlwlrq suhyhqwv






































Shuihfw ulvn0vkdulqj lpsolhv wkdw hdfk frxqwu|*v wrwdo ghpdqg iru hdfk frxqwu|*v rxwsxw
pxvw eh htxdo1 Wdnlqj d vhfrqg0rughu h{sdqvlrq ri wkh zhljkwhg vxp ri wkh djjuhjdwru
















































































































Wdnlqj d srsxodwlrq0zhljkwhg dyhudjh ri htxdwlrq +77, dqg +78,/ xvlqj +6:, dqg +6;,
￿
￿









/ vlqfh wkhvh duh ri rughu odujhu wkdq 51


































































































Lw suryhv wr eh frqyhqlhqw wr h{suhvv zhoiduh lq whupv ri ghyldwlrqv ri frqvxpswlrq
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zkhuh w=l=s= vwdqgv iru wkh yduldqfh ri wkh upv* rxwsxw dw d gdwh 4/ l1h1 ehiruh wkh srolf|
ghflvlrq lv wdnhq1
Zh fdq qdoo| frpelqh htxdwlrq +84, dqg lwv frxqwhusduw iru frxqwu| I +qrw vkrzq,
zlwk htxdwlrq +7:, wr rewdlq htxdwlrq +55,1
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Iljxuh 4= Xqfrqglwlrqdo phdq ri wkh rxwsxw jds ghulyhg iurp wkh vhfrqg rughu dssur{l0






















































Iljxuh 7= Zhoiduh lq d v|pphwulf xqlrq xqghu wkh rswlpdo srolf|/  @ 4=8 dqg $ @ 3=41
































Iljxuh 8= Y duldqfh ri wkh lq dwlrq udwh dqg wkh rxwsxw jds lq d v|pphwulf xqlrq xqghu
wkh Wd|oru0uxoh= $ @ 3=4 dqg  @ 4=81















Iljxuh 9= Vxp ri wkh yduldqfh ri wkh lq dwlrq udwh/ ri wkh rxwsxw jds dqg ri wkh whupv ri
wudgh lq d v|pphwulf xqlrq xqghu wkh Wd|oru uxoh= $ @ =8 dqg  @ 4=81




























Iljxuh := Zhoiduh +d, dqg Zhoiduh fkdqjh +e, lq d v|pphwulf hfrqrp| xqghu wkh rswlpdo
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Iljxuh <= Udwlr ri Zhoiduh fkdqjh xqghu wkh Wd|oru uxoh dqg wkh rswlpdo uxoh/ yhuvxv






















Iljxuh 43= Uhodwlyh shuirupdqfh ri wkh Wd|oru uxoh dqg wkh rswlpdo uxoh xqghu glhuhqw
zhljkwlqj vfkhphv dqg frpshwlwlrq jdsv1


















Iljxuh 44= Wd|oru0uxoh vkrfnv dqg wkh uhodwlyh zhljkw rq frxqwulhv* lq dwlrq1
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